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Publishers" preface. 



It is believed that some knowledge of the circumstances attending the 
publication of this work, "Steam Using/' as well as its companion volume, 
"Steam Making," will be of interest to the reader. 

The lamented author, Prof. Chas. A. Smith, had arranged with The 
American Engineer for the publication of the two works. While the first, 
"Steam Making,** was going through the columns of the Engineer, Pro- 
fessor Smith died, early in 1884, leaving also to the care of the Engineer 
the recently completed manuscript of "Steam Using.*' 

To all who are familiar with the circumstances under which the books 
were written— the author suffering from a mortal illness and struggling 
against death to thus round out his life work, only giving up to die on 
their completion — will appreciate and value the more highly the broad 
and active experience thus crystallized. 

To Mr. John W. Weston, so long connected with this journal, and 
personally familiar with the author and his writings, has been delegated 
the pleasant duty of conducting these works through the various stages 
of bookmaking, with the result now presented. The task has not been 
without its difficulties, the most serious, perhaps, being the loss of the 
invaluable assistance of their author in the work of revision of matter 
and proof. 

As the author died without leaving; a preface to his second volume, we 
desire to acknowledge for him the aid which he received from various en- 
gine builders and professional men throughout the country, which the 
following pages will disclose 

It has been the aim, as far as possible, to preserve the exact style of 
the author, and it is believed that the facts and features presented in both 

V books, the heirlooms of an admirable man, acknowledged to be profound 

1 and exact in his particular lines of work, will be held to cover whatever 

' defects of minor importance may be encountered. 

i THE AMERICAN ENGINEER. 

^ Chicago, Mabch 1, 1885. 
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Sketch of the Life and Character 

OF THE Author. 



Charles A. Smith was bom in St. Louis, October 1, 1846. His parents 
were both Massachusetts i>eople who had been still further west. From 
both father and mother he inherited the instincts of a sailor, and the 
blood of several generations of ship- masters coursed through his veins. 
Though he never became a sailor, he always showed a sailor's fondness for 
"fixing things,** for using his hands, for actual construction. 

While he^was still an infant, his mother died of cholera in St. Louis, 
and he was placed in the care of his father's sister, in Newbuiyport, Mass. 
This kind aunt was his mother, and her house was his home till he had a 
home of his own. His mode of life was simple and plain, but young 
Smith made warm friends and his boyhood was happy. 

I first met him in 1860, when I became principal of the Boys' High 
School, of Newburyport. . He was then fourteen years old and a member 
of the second class. He was a pleasant little fellow with a frank, earnest 
look, and a forehead which suggested brains. When the school gave 
expression to its loyalty to the Union by the erection of a liberty pole and 
publicly celebrated a flag- raising, young Smith was selected by his school- 
mates to mount the platform and haul home the stars and stripes. 

The school had a very good theodolite, and when we came to Loomis' 
Surveying, a great enthusiasm for field work was developed, and young 
Smith was never so happy as when on a surveying party. He took the 
English course and graduated in 1862. The next spring he went into the 
office of J. B. Henck, civil engineer, in Boston. At that time he probably 
had no idea of going to an engineering school. In 1864 he was leveller on 
the Boston, Hartford &, Erie Railway. In 1865 he became chief assistant 
in the City Engineer's office, Springfield, Mass. By this time he saw 
clearly that an engineer requires a training far beyond a high school 
education, and he resolved to enter the Massachusetts Institute of Tech- 
nology, then first opened He had been reading ahead somewhat, with 
occasional help from me, so that he entered what was organized as a 
sophomore class. He lived again in Newburyport and went eighty miles 
daily on his way to and from the Institute. President Kogers was his 
teacher in physics, Professor Bunkle in mathematics and applied mechan- 
icsy and Professor Henck in civil engineering. 

He graduated in the pioneer class in 1868. I never quite understood 
how he managed to meet the cost of his course at the Institute. To be 
sore he had carefully saved the earnings of three years, and he secured 



toT blB vacations moat excellent emploj'iueiit ander the celebrated hy- 
(IrnulJc eugineeT. J. I). FmnciB, at Lawi;Il. Mass, lie Uieni ai<BJ8ted in 
(leterniiuing the How of water in pipes, over wiers, tlie eBlcienpy ol tur- 
bises, etc, I left MitsaacliUHetta tor St. LouiH in 180S, bo I did Dot follow 
close) J bis oareer as a stQdeDt. 

After a yew lu* oDgineer on tbe Cnioii PaciBc Railway in UtaU, he 
returned, on tlie completion of tlie road, to Boston and went into partner- 
ship with Proleasor J. B. Henok. as civil engineers. Wliile there usauciated 
with Professor Henclc. he took charge nf a part of the Blno Ridge ItaiN 
way ot North Carollnu, ai divittinn engineer. 

At that time, in 1870, the Ktead; development ol the Poljtechnic 
School of Washington Dniversitj made it necesaar.v to appoint an iiistinic- 
tor ot trlTil engineering. I took pleaauie in recommending yonng Smith 
for the position, and he was appointed. For the flrst year he mode hin 
home in my family, and as a. preparation fur the work of the oIbss room be 
read with me Itankine's Civil EuginEtering entire. 

After II brief experience as inatmctor, Mr. Smith was appointed pro- 
fessor to the chair of elvil and mechaniCHl enginecrinK, whii'h wws subse- 
quently named in honor of Willinm Palm. This choir Professor Smith 
held tUl June, 1883. when compelled by his last illneHs to resign. 

Though devoted at all times to the work of hJH professorship, Profes- 
sor Smith found time to mingle in matters of praclical eugioeerlng. For 
five years he was consulting engineer of the Iron Mountain Railtraf. 
among other things detiigDlug the DeSoto shops, and building a new pier 
in the Black river. In n similar way he was associal«d with HeasTB. 
Shlckle, Harrison A Co., designing the arched ribs of the roof over the 
Chamber ot Commerce, and the iron trestles of the liessemer Iron Works. 
Professor Smith was engaged as connnlting engineer for the eonstmctloa 
of the water works of Hannibal, ot St, Charles, in Misscmri, and of Ames- 
bury. Massachusetts, His last protetsKional duties were in uonnection with 
the last named. The pamplng works ,it Richmond, Vs., were designed hy 
him, his plans being entered in competition and receiving the flrst prize. 
In IHTH he spent his summer vacation as resident engineer of the Balti- 
more Bridge Company, building piers in the Misaispippi river just below 
Minneapolis. 

Without attempting Co give a full list of the professional enterprizes 
of Professor Smith, I have said enough to show how tireless a worker he 
was, and how closely he studied the practical details of engineering, Bat 
it was in connection with the St, Lonis Engineers' Clnb that his devo- 
tion and enthnsiasm were most fully shown. He was an active mem- 
ber for twelve years, and tho secretary for nine or ten years. The club 
has not always been as nourishing an it is now. It has had its seasons ot 
depression when only the zeal and the courage ot Secretary Smith seemed 
to bold it together. Nothing bat the direst necessity compelled him to 
yield at last. 

The fatal malady, which in the shape of u cancerous tumor, bronght 
his life to an untimely close on the 2nd of February, 1884, was bom, as be 
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thought, of hard work, of exposure, and of physical neglect. He could 
scarcely stop to eat or sleep; it was work first and comfort last. 

Nothing in Professor Smith's life was more heroic than the way he 
battled for two years against an impending fate. When too weak to stand 
before his class, he taught reclining upon a lounge. One of his last 
pupils speaks in a notice of his beloved professor of "the days of suffer- 
ing spent in his study in the University, when we gathered round him 
as he lay on the lounge, unable to stand, and listened to his exposition 
of 'Economic Location,' taking as a basis the work of his friend, Arthur 
Wellington." 

In January, 1883, he was forced to give up his class work altogether, 
and to keep his room. Still he was not idle. Lying on the bed, or reclin- 
ing in an easy chair, he was hard at work upon his two books on "Steam 
Making** and "Steom Using," which are just now being issued by the 
American Engineer^ in Chicago. The first was finished by the end of 
1882, aAd arrangements were made for its publication, but the prospect 
for the second book was gloomy enough. Nevertheless, he worked 
at it with a terrible earnestness which no unfavorable symptom could 
diminifih. Kay, though clinging to the faintest glimmer of hope of 
returning health, he toiled at his book with the resolute air of one who 
was fully conscious that his days were numbered, and that the book must 
speedily be finished. In spite of pain and the dark shadow of the inevit- 
able, his mind seemed clear and his hand steady. In the spring of '83 
he moved back to Newbuiyport, Mass., to be near his physician and hin 
family friends. There in a quaint old house, in a qiiiet neighborhood of 
that quiet town, he finished his book, laying down his pen ond the burden 
of life at the same time. The readers of "Steam Using" may be glad to 
know that the author's very life's blood went into that book; that it was 
the last, the most perfect fruit of a very active and noble life. 

Professor Smith is a good example of a poor boy who made his own 
way; who fought his own battles; who earned and honored every position 
he took. He was always a student. Some of you will remember with 
what enthusiasm he studied quartemious and thermodynamics; with 
what zeal and success he read all that he could get on graphical statics, 
and how many important additions he suggested. The records of the 
St. Louis Club probably will show that Professor Smith has presented 
more papers than any other member, past or present. 

As an engineer, Professor Smith was bold and trustworthy. His confi- 
dence was based upon sound theory and careful practice. He was skillful 
in preparing estimates and was always well informed both as regards the 
latest improvements in engineering, and the best methods of working the 
materials of construction. 

These accomplishments added greatly to his value as an instructor of 
young engineers. His students were brought very close to engineering 
work. Though well read in theory, he loved to dwell on the details of 
practice. He never lost an opportimity to learn a new process, or to study 
a new machine. He used to tell how, while resident engineer on a road in 



VIII. STEAM USING: OH, STEAM ENGINE PRACTICE. 



New England, he tried his hand on the engine of the construction train 
till he was able to "stoke" and to "drive." 

■ 

Professor Smith left a wife and three children. During her husband's 
long and discouraging sickness, Mrs. Smith was better than a faithful 
nurse: she brought aid to his self-imposed labor, and hope and cheer to 
his fainting spirit. So well did she understand the nature of his work 
and his needs, and so helpful was the assistance she brought, that it is not 
too much to say that without her positive cooperation and encoiiragement 
the two books which he leaves behind would never have been finished. 

I will not speak of personal losses. I prefer to feel that we all Iind 
much to be thankful for in Professor Smith, and the nearest had the most. 
Though dying in his thirty-eighth year, Professor Smith's memory may 
well be preserved. The world is certainly the better for his having 
lived in it. 

C. M. WOODWARD, 
Dean Polytechnic Schoofy 
Washington University , St. Louis, Mo. 

St. Louis, December, 7, 1884. 
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CHAPTER I. 

ON THE NATURE OF HEAT AND THE PROPERTIES OF STEAM. 

By the term heat we understand that property of bodies by which they 

grow hot, and give the sensation with which we are all familiar. 

Heat is produced in three ways: 

By chemical action, A. 

By mechanical action, B. 

By electrical action, C. 

A. — When certain chemical elements or compounds are combined under 
certain circumstanci^s, the result is a union accompanied by an increase of 
temperature and the development of heat; as for example, carbon or hydro- 
gen combining with oxygen; sulphuric acid, or quick lime, with water. 

B. — By the mechanical work of friction or percussion: Examples of 
this are continually before us. 

G. — By the passage of an electric current in a conductor,— as in wires of 
too great resistance; or the electric arc. 

The property of heat is thought by some to consist of a kind of motion 
or vibration of the molecules of which bodies are supposed to consist; — for 
solid and liquid bodies in vibration, and for gaseous bodies in the real mo- 
tion of the molecules. With the arguments, pro. or con., concerning this 
hypothesis we have little to do further than to state that, its truth appears 
very probable, and in such event the production of heat by chemical com- 
bination or the passage of an electric current is simply a kind of mechani- 
cal action; in the one case, the vibration resulting from the shock of mole- 
cules attracting each other; in the other, from the setting up of a wave 
movement, or kind of wave, in the path of the electric disturbance, what- 
ever that may be. 

That heat was produced by mechanical means has been long known. 
While the identity of heat and mechanical force was suspected by Count 
Bumford nearly a hundred years ago, it was reserved for Joule to prove 
(by long continued experiment), that the same quantity of work always 
gave the same quantity of heat, and to Bankine and Glausius to show, 
theoretically, that the same quantity of heat always gives the same amount 
of work, which has since been proved beyond all doubt by experimental 
investigations. 

By the labors of the two great men, Bankine and Clausius, the 



Bcienui' of thermodjnamtcs was created. — the appliuatlon of mathematics 
it the laws of heat. 01 tbia iotereeting and beautiful science we abaJI, 
however, only state the two ftmdameiital principles: 

Fimt Principle — "Heat and mechanical energy are mutnall; convertitile, 
•and heat requires (or its production and produces by its disHppeiimnce 
"mechanical energy in the proportion of 772 foot-ponnds (or each British 
•unit of heat." 

The British unit of heat, juat mentioned, is: "Tho quantity of heat 
'which corresponds to an interval of one degree of Farenheit's scale in the 
"temperature of ouo pound of pure liquid water at and neai its temperatore 
"of greatest density (SO-l-F)." 

The second principle, as given by Clauains, is as follows: 

Second Principle. — "Heat, of Itself, never passes from a cold body to a 

Bankine states the second principle in a way that has been severely 
criticised by Maxwell, bnt which appears to mean that, a unit of heat in a 
cold body can do as much work as In a hot body, with the implied reserva- 
tion that there muHt be yet a colder body into which it may pass. 

Heat is converted into mechanical work through the agency of some 
body that is expanded by heat, such as air or water. The heat is transferred 
into these mediums, usually enclosed within limits of changeable voltime. 
the expantUug medium enlaTKliig the volume against a resistance thereby 
does mechanical work. 

It has beeu taken for granted that the word temperature was nnder- 
stood to have its ordinary meaning, and that neither the ordinary thermo. 
metric scales o( temperature, nor the ordinary instruments used for meas~ 
uring temperoture required description: but when great occnracy was 
required, the use of the air thermometer drew attention to a very con- 
venient HCale. Dry air and some of the other gases increase in volume or 
pressure from the temperature of melting ice to that of boiling water under 
the atmospheric pressure as follows: 

From the volume or pressure 1 to: 
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Note. —The mboie ntloi are from Reicnkult. 
With the air thermometer the change in volume of a portion of dry air 
wnH used to measure the change In temperatnre, and the natural result was 
thnt the temperature at which the dry gas would have no volume, it the 
law should hold so (or, was taken as the zero nr starting point of Bucll a 
scale. This Zero is — 161" F. or —273° C, and is called "absolute aero," and 
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temperatures measured on this scale are called "absolute temperatures." 
We shall give later another and better reason for this scale and its name, 
for we know now that all the gases above given can be reduced to liquids 
and solids and therefore are not perfect gases. 

A perfect or "reversible" engine was devised by Sadi Camot; and 
although such an engine cannot be constructed, and if constructed, could 
not be worked; still it is extremely useful in assisting our conceptions and 
in giving us a limit beyond which we cannot hope to proceed with im- 
provements. 

The operation of the Camot engine is as follows: From a hot body, at 
temperature Ty, a working body receives heat at the same temperature T^, 
expanding and doing work from the heat in the hot body directly. After 
a time the hot body is withdrawn, leaving the working body at the same 
temperature Ty, and it then expands by virtue of the heat which it contains 
nntil its temperature has fallen to T^. In expanding, more work has been 
effected, which, of course, goes to the credit of the engine as work done. 
At the temperature 2*,, the working body is brought into contact with a 
body called the "cold body," at the same temperature T,; work is then done 
on the working body from the outside in compressing it to such a point, 
heat meanwhile passing from the working body to the cold body at the 
same temperature. So that by continuing the process of compression after 
the removal of the cold body, the working body will have just reached its 
first state of volume, pressure and temperature; the work expended in 
the two compression processes is, of course, to the debit of the engine, but 
there is on the whole a balance of work done by the engine. 

It can be shown in this case, whatever be the working substance 
used: First. — That this engine utilizes more heat than can be utilized by 
any other kind of engine working between the same temperatures T^ and 
T,. Second. — That the work done, or'heat utilized, is to the heat expended 
from the hot body, as the difference between the temperatures between 
which the engine works, 2*, — T, is to the absolute temperature of the hot 
body Ty. Hence the fraction 

where 7 is an absolute temperature, is known as the efficiency of the 
engine, and is the maximum efficiency which can be reached by theory. 

The proof of the above statements is given in any work on thermody- 
namics, so that we shall not enter upon it here, believing it out of place 
in a work of a practical character. 

From the properties of the Camot engine, a scale of temperature, 
based upon the work done by a body when T, — r, = 1°, is established; 
and it has been shown that the scale thus established coincides in origin 
and amount with that of the perfect gas thermometer, which places it upon 
a more substantial basis. 

When heat is put into any body it may either increase the agitation of 
its molecules, thereby heating it or raising its temperature; or it may ex- 
pand it against an external resistance doing external work; or it may 



STEAM rrslNO: oil. STEAM EyOIXE PJiACTirE 



change ita couditloii, overcoming molecul&r attrnutions, doing wliitt la 
ealleil internal work; or it may do two or three of these three things at the 

When a flre is lighted nnder a boiler containing cold water, the heat 
generated by the chemiiMtl action of combustion pusses from the tire and 
tUe gaseous products ot combuatiun to the Iron of the boiler, through the 
iron ot the boiler to the surface in contact with the water and thence into 
the water. The volume ul the water slightly increases with the torn- 
peratnre, raising the level partly by its own increase in volume and partly 
by the Increase In volume of the air contained in the water. The heat 
inoreaaea the molecular agitation of the water, till, usnally nt the tempera- 
ture of 212" v., the boiler l)egins to make steam. If. as fn many of the 
boiler trials, the nteU'head or safety valve Is open; or, us in a common tea 
kettle, there is no other pressure than that of the nir itpou the water, at 
this tamperatiu'e the watei' remains; and all the heat goiui; into it is 
expended in overcoming the molecular atti-action of one atom of water 
for another, and in forcing the molecules apart. In thus overcoming the 
molecular attraction It is doing internal work, and at the same time in lift- 
ing the atmosphere by the steam formed, it is performing eitcrnal work. 

When theqnantitleHof heat which a pound of water requires to raise it 
from the temperature of melting ice into steam at any given pressure are 
measured, that which it takes to raise the temperature la not exactly the dif- 
ference in the temperatures which would he rcqiurcd if the speciQc heatof 
water were constant, but a unit of heat raises the temperature of a pound 
of wat«r a little less than one degree at the higher temperatures. When a 
boUer is making ateam ut a given pressure other than that of the atmos- 
phere, there Is a temperature at which steam forms from the water and 
above which the water cannot be raised. This la known as the tempera- 
ture of evaporation tor the pressure. It is to bo noted that the jiressure of 
the atmosphere may be partly removed and low pressure st«am formed at 
less than atmospheric piessure. 

The quantity of heat required to evaporate a unit of weight of water 
at different pressures, and to raise the temperature up to thut ot evapora- 
tion, was carefully determined by Begnauit in an extensive series of 
eiperiments made at the expense of the French Government. The volume 
of one pound weight of steam, and, ot course, its recljirocal, the density or 
weight ot a cubic foot ot steam, was determhied by experiments made by 
Fuirbairn and Tate. 

From the heat ot evaporation, the volume of steam, the pressure under 
which It was evaporated, and the volume ot the water from which it waa 
farmed are computed: 

i^rsJ.— The external work in loot-pounds, or the product ot the pres- 
sure in pounds per square tout by the difference in cubic feet ot tho volume 
of one pound of steam and one pound of water, 

Stcond.^-The external work in heat units obtained by dividing the ex- 
Uruol work tn toot-pounda by 773. 
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Third, — The internal work of evaporation obtained by deducting from 
the heat of evaporation the external work found above. 

Fourth, — The sum of the internal work of evaporation and the heat 
expended in raising the temperature, — sometimes called the total internal 
heat. 

Fifth.^The sum of the heat expended in raising the temperature of the 
water, and the heat of evaporation; or, the sum of the total internal heat 
and the external work in heat units; or, the sum of the heat expended in 
raising the temperature, in internal work of evaporation and in external 
work, is called the total heat. These quantities may all bo stated in foot- 
pounds, and some writers prefer to use them in this way. But, although the 
measurement of mechanical work is usually made in foot-pounds, all meas- 
nrements of heat and steam which require measurements of temperature 
are best made with a thermometer, and by heat units; we shall, therefore, 
retain the heat units. There is also this advantage, that in computation 
there will be smaller numbers and less figures involved. 

The measurement of the heat expended in raising the temperature of 
water, in the total internal heat and the total heat, are all based on a start- 
ing point of one pound of water at the temperature of melting ice. As, how- 
ever, such quantities are usually used by differences, many writers give 
these data from 0° F. Of course this does not require any real existence 
to the imaginary pound of water, as water assumed in this way. It gives 
a little less numerical work with feed water at low temperature, but is of 
no help when the specific heat has varied so as to alter the heat expended 
in raising the temperature of the water from the difference between the 
temperature and 32^. We adhere to the basis of melting ice. 

Most of the theoretical writers use as a base for the tables the temper- 
ature of evaporation, although others use the pressure, — a much more 
practical starting point for engineers. But these writers have not given 
the internal and external heats, have used in some cases the 0° F. start- 
ing point referred to above, and have given extended decimals. In our own 
table we have only given the nearest heat unit, and have given a table, not 
for every pound of pressure, it is true, but one in which it is very easy to 
interpolate the nearest unit. We believe this table to be convenient for 
use and sufficiently extended and accurate. 

The heat of evaporation is called latent heat of evaporation, but as the 
term latent has now no meaning we shall not retain it. 

As the Begnault experiments on steam are always considered models 
in every respect, and as being of unapproachable accuracy, we shall only 
say that they were made in all circumstances and conditions in a thoroughly 
practical way, and that the values reached have been computed from purely 
theoretical grounds; so also with densities. The table is to be relied 
upon, and we shall not explain the experiments or comment further upon 
them, but will illustrate by a few examples the use of the table here given; 
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Tklara below • • • us oompntrd kQd not eipeiimanUl. 

KOTE.— FotallTKlaeBOf Tou) Intenul wotk below tba Mmoephere 1070 bMitoniW 
lur be taken. All dednuki [wrta of heat nnlta bare b««n neglrcted and tbe laat ona 
mar tbcrefore be in error. 

JCxampU I. — How mncb more heat is needed to boll h, poand of nnter 
at 300 ponnde per square inch boiler pressure than at five pounds per 
sqonre Inch, the [eed being at 60° F. in either case. 

AT PrVE POUNDS, 

Unlt». 

HeaC required to raiae 1 ponod water from 31° to bolllnsat 6 pounds pressure IM 

Deduct heat to niae from 32° to 60° not osed 18 

H*»ltor»tw(rom60°loboUliM[ IBB 

Inlemal work of evaporation 882 

EiterDal work of evaporation 73 

Heat reqtdred to boll from feed at 60° at S poauda 1,133 
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AT TWO HUNDRED POUNDS. 

Units. 
Hemt required to raise 1 pound water from 32= to boUinfr at 200 pounds per sq. inch . . 359 
Deduct heat to raise from 33= to 60^ not used 28 



331 

Internal work 756 

External work 84 

1,171 
Heat reqnired to boil 1 ponnd of water from feed at 60^ at 200 poands: 

1,171 — 1.123 = 48 units. 
48 

r^«- = ^ P^r cent., nearly. 
1.123 ^ ^ 

The same result could be reached more directly. 

UniU. 

Total heat from 32 - at 2< "u pounds 1,1 W 

Total beat from 32= at 5 pounds. l.lftl 

Diiference 4« 

Deducting from the 1.151 the 28 units not used, from 32- to 60^, the feed 
being at 60^, we have 1,123 for the divisor to reduce to per cent, as before. 

We advise the reader to use the former method, by preference, in his 
computations, as serving to keep in full view the dififerent uses and the va- 
rious amounts of heat required for them; although there is, of course, more 
numerical work req aired to do so. 

The reason so much more difficulty is experienced in maintaining 
high pressure than low pressure steam is to be found, not in the boiling of 
equal weights of water, but in the fact that the high pressure steam 
leaves the boiler more easily. If, fur example, it be employed in an 
engine, the engine can be made to do more work thereby. If. in running 
a boat, the l>out going faster the engine uses more steam; if employed 
in heating a building, the radiators act more energetically with the higher 
pressure, transmit more heat, condvnse more steam, and the skillful 
attendant suits his tire to the work. 

Example //.— IIow much saving of fuel i*au l>e made by raising the 

temperature of the feed- water from 1<U»' F. to 200- F.. the boiler pressure 

being 120 pounds per squun> inch. 

Units. 

Total heat for l_»i» pounds 1,188 

Deduct in the one cane the iinit>« not used in raitini; the water from :<2= F. to 100° F. . 68 

Rcfiuirefl from \y'^)- F. to boil at IJo ]>onuiis 1.120 

In the other case deduct for not U!*lnjs ln»m :*-' lu Jh"' 169 

Required to boil at liHi pound** troni water at lh^i F 1,019 

Difference between 1,120 and l.oii* is loi units, or about '.> per cent. 
In order to compare tlie perforiuaufe of difffivnt I •oiler.'* working with 
different pressures and fed with \\atcr at different temperaturei*. it is ne- 
cessary to assume a standard pressure, temperature of evaporation, and 
temperature of feed- water. Various temperatures of fei'd-wattT have been 
used, 0^ F., 32' F., PKj- F.. the lattrr about the usual temporaturt* of feed- 
water for condensing engines, and 212 F.. used more gfuerally than any 
of the others as a standard: while for tlie pressure and tempeniture of 
evaporation the atmospheric pressure and 212 ' F. are usually taken. 
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Example ///.—By experiment with a boiler at 160 pounds per square 

inch it was found that, one pound of coal evaporated 7.91 pounds of water. 

The temx>erature of the feed-water was noted at 120° F.: required the 

equivalent evaporation from and at 212^ F. 

Units. 

Total heat of evaporation from 32° F. at IfiOponnds 1,194 

Deduct from 32* to 120**, units not used 88 

Heat to evaporate from 30° at 160 pounds 14O6 

Internal heat of evaporation at 212° 893 

External work of evaporation at 212° 72 

Sum or heat of evaporation at 212° 966 

7.91 X h^. = 9.06 as the evaporation required. 

In order to facilitate this computation the following table of factors of 
evaporation is given: 
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The use of this Table of Factors of Eyaporation is readily seen by tak- 
S^xig the last example. The boiler evaporating 7.91 pounds at 160 pounds 
square inch from feed at 120^ F., tha eyaporation factor from Table 
[. for 12(F and 160 pounds is 1.146. 7.91 x 1.146 = 9.06, as before, for the 
^xiuiyalent eyaporation from and at 212^ F. 

We introduce one other table here— the weight of 1 cubic foot of water 
£kt different temperatures. Very often in the trials of a boiler or engine 
-fclie most convenient unit of measurement of water is the cubic foot. This 
^^^rill be the case when a weir measurement is made or when the water is 
leasured by a water meter. The use of a water meter /nvolves many pre- 
kutlons, the most important being the following: The meter should work 
-Kander moderate head of supply and small head of delivery; it should be 
^t in such a manner that it can be tested in place under the exact condi- 
.ions of use; if a positive meter, it should be especially constructed to 
rork freely, if it is to be used in warm water. This table is also used for 
itimating the weight of water in boilers, and for correcting boiler trials 
'or differences of water level. 

TABLE in.— EXPANSION AND DENSITY OF PURE WATER. 
FBOM D. K. CLABK and BT RANKINS. APPBOXIMATE FOBlCUIiA. 



^^Kemperatare in degrees 


COMPABATTYC 


Density of Weight 
per Cubic Foot. 


Fahrenheit. 


Volnme. , 


Density. 


sa 


1.00000 j 


1.00000 


62.418 


36 


1.99993 


.00007 


62.422 


^.1 


1.99989 


.00011 


62.425 


-40 


1.99983 


.00011 


62.425 


45 


1.99993 


.00007 


62.422 


46 


1.00000 


1.00000 


62.418 


iO 


1.00015 


.99985 


62.409 


42.3 


1.00029 


.99971 


62.400 


i& 


1.00038 


.99961 


62.394 


^ 


1.00074 


.99926 


62.372 


62 ' 


1.00101 


.99899 


62.355 


65 


1.00119 


.99881 


62.:i44 


70 


1.00160 


.99832 


62.313 


75 


1.00239 


.99771 


62.275 


80 


1.00299 


.99702 


62.232 


86 


1.00379 


.99622 


62.182 


90 


1.00459 


.99643 


62.133 


9S 


1.00554 


.99449 


62.074 


aoo 


1.00639 


.99365 


62.022 


a08 


1.00739 


.99200 


61.960 


410 


1.00889 


.99199 


61.868 


115 


1.00989 


.99021 


61.807 


120 


1.01139 


.98874 


61.715 


126 


1.01239 


.98808 


61.654 


130 


1.01390 


.98630 


61.563 


185 


1.01539 


.984H4 


61.472 


140 


1.01690 


.98339 


61.381 


145 


1.01839 


.98194 


61.291 


150 


1.01989 


.98050 


61.201 


155 


1.02164 


.97802 


61.096 


160 


1.02340 ' 


.97714 


60.991 


166 


1.02589 


.97477 


6.1.843 


170 
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The use ol the table of tlie properties of at-eum is more freqneiil in the 
atudy of engine performance and indicator diagrnms than oi boiler per- 
furmitnce, but there la an important point in detemiiaing the evaporation 
of a boiler in which it becomes of use. 

Aa Imbblea of Bteani formed on the hot iron of a boiler riao through 
the water to the snrfoce, breaking and seattering spray, a portion of water 
thna thrown up Into the steam room Ih carried along with the steam, and 
anlesa more heat be supplied to evaporate this water It increases the Tolnme 
caused by the steiim condensed in tlie pipes in the upper portion ot the 
boiler. This water oarried with the steam is sold to be "entrained" with it 
and is called "priming" by many writers. Wlien the proportion ot water 
bocomeHBolargeas to be evident in theactloaoftbeenglne or the exhaust, 
it is nsually colled by engineers "foaming." The amount of auch water is 
Increased it the water is dirty and covered with scum, or it grease and alkali 
combine to form a soap. The amount of water which can be carried b; 
steam in suspension is very great, but depends somewhat upon the velocity 
of the current of steam ; if the paflsages are large, and the flow of steam of 
moderate velocity the water has time to drop out ol the ateam hy the 
Hution of gravity. lu some cases the amount of water carried In weight 
has been known to be three times that of the steam carrying it, although 
usually it does not exceed 10 to 15 per cent. 

The higher the pressure ot ateoni the greater its density and the 
quieter, other things being equal, is the procens of ebullition anil tlte amaller 
the qnantity ot entrained water. The amount ol water thrown up iu spray 
ia largely dependent on the circulation, lieing much diminished by im- 
provements in that direction. The area of surface water in contact with ths 
steam seems to be an importdot matter according to some authorities, but 
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as this varies very greatly without any apparent effect, we are not inclined 
to attribute much importance to it. A violent rush of steam close to the 
top of a body of water is to be avoided, as even a current of air would 
throw spray in such a case. 

The accurate determination of the water entrained with steam is a 
matter of great difficulty and at the same time of great importance in the 
determination of the performance of boilers and engines. 

Four methods have been devised to measure the amount of water en- 
trained, and two of them have been used in practice. 

The first method, that of M. G. A. Him, is the most used. It depends 
upon the amount of heat given out by a known weight of a mixture of 
steam and water and is 'best performed as follows: 

A barrel is set on a platform scale and a known weight of water run 
into it. It is convenient to put in 298 lbs. of water. Steam is taken from 
the top of the steam pipe by a rubber hose terminated by an iron pipe 
capped on the lower end and perforated with holes drilled obliquely to 
the radii, but in the plane thereof. This pipe is placed in the barrel of 
water and steam turned on; the scale is loaded 2 tbs. more, and as the 
steam comes into the water the fluid increases in weight, and w^hen the 
beam tips there is 300 lbs. of water. The temperature of the water is then 
c^arefully noted. The disposition of the jets keeps the water stirred up 
thoroughly, and the flow of steam into the water being horizontal only, the 
water remains steady. The weight is then increased 10 lbs., and when the 
the scale tips at 310 pounds the temperature is noted. 

The number of heat units given to the water, in the barrel, by the 
steam and water from the boiler, is found by multiplying the 300 tbs. of 
water by the rise in its temperature. 

The portion which was dry steam gives up its internal heat of evapor- 
ation in condensing, and the external work done by the air upon the fluid 
in compressing it from steam to water, together make the latent heat of 
evaporation; and the whole fluid then falls in temperature from that due 
to the pressure in the boiler to the final temperature of the barrel. 

Deducting from the heat gained by the water in the barrel, ten times 
the difference between the boiler temperature and the final temperature 
in the barrel, and dividing the remainder by ten times the latent heat at the 
boiler pressure, the quotient will be the fraction of the whole which is dry 
steam. 

It is easily seen that with any other weight the process would be the 
same; but in place of the ten we should use the number of pounds run in 
between the noting of the temperatures. 

The preliminary 2 lbs. is to provide for any water which might have 
collected in the hose or connections while standing, and to render the op- 
eration uniform. 

Sometimes a coil of pipe as a surface condenser is used, and the steam 
which is condensed therein is kept separate from the condensing water; 
but great care has to be used to get all the water condensed out of the coil. 
The accuracy of this method is dependent upon the delicacy of weighing 
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HQd tbe reading ut the thermometer; in unskillful hauils the results are 
Bometimes aatuiiisliing. 

The eecond method ia to put into the teed water a quantity of sulphate 
of aoda, and to dntw Irom the lioUer, at intervals, from the lower gauge cock 
a small amount ol water, keeping this water bj itself; also to draw from the 
Bt«)uu, condensing either by a coil ol pipe iii water, or a small pipe in uir, 
taking care to draw only water without ateani, at the same intervals, keep- 
ing the one separate Irom the otder. A chemical analjale deSnes Ibe pro. 
portion o[ sulphate of sodain each portion, and adirisionol the proportion 
ol sulphate of soda in the portion from the steam by the proportion in that 
from the water gives the proportion of water entrained,— the basis of the 
method being the fact that steom does not curry the sulphate of aoda. 
thia being only carried by the hot water entrained. Thla method was used 
bj Professor Stahlschmidt at the Dusaeldi^rf Exhibition Boiler Trials. 

A third method has been suggested: To enclose a portion of at«am to a 
vessel plucud inside the steam pipe, then closing it and removing it troni 
the steam pii>e. obtain the weight of the enclosed fluid, which, being 
in a known volume, the proportion ut water can be found from the voliUQi: 
and density at the known xiressnre. There appear to be many practical 
diEQcultief in this method, and we are not awure that it has been used to 
any extent. 

A fourth method is to have aemall cylinder with piston enclosed in the 
ateam, and to put a known volume of the cylinder In connection with the 
steiun; then closing the communication, i>ull out tbe piston (wbieb, 
of course, passes through proper atufQng boxes into the air) until the 
pressnre in the cylinder begins to lower,~the water contained evapor- 
ating at the presanre, until, alter it has been evaporated the pressure begins 
to fall with increase of volume. The increase of volume at constant pres- 
sore divided by the final volnme is the proportion of water carried. Thia 
method promises well, but we have no knowledge of its use. 

Steam formed in the presence of water is always saturated, that iH, It Is 
at the same temperature aa the water, and cannot be raised above that tem- 
perature until the water is all evaporated; but alter this has been done, or 
if the steam be heated In a separate vessel, the temiierattire rises nearly 
2'^ F. for each unit of heut added to u pound in weight, while the steam 
increases in volnme at flrst not very oloselj, but afterwards very nearly as 
a i>erfect gas, or by ^^3 part of itself for each degree F. The amount of 
heat required to raise 1 lb. weight of dry steam 1" F., is stated aa (J.4T of a 
nnit, and I), 6 by dilferent authorities, the first including Euukiue, and the 
second Hirn. Steam thus raisi'd in temperature is said to be superheated, 
but our knowledge of thld condition is still very limited and <'uuflned to 
the results of a lew experiments. 
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CHAPTER I I . 

ON VALVE GEAR. 

As steam oan only do useful work by changing the volume of the 
vessel enclosing it, we find that to employ it in moving a piston in a cyl- 
inder is the most practical method of using it. There is, however, a cer- 
tain class of pumping engines, in which steam in direct contact with a 
fluid, without intervening mechanism, is used for pumping water. 

The motion of the piston to and fro in the cylinder is communicated 
to the outside of the cylinder by a rod passing through a steam-tight 
opening, where it is then, in some way, connected to the resistance which 
is to be overcome, either directly as to a pump rod, or indirectly by a 
connecting rod and crank to a rotating shaft, which is to be revolved 
against the resistance. 

The steam has to be let in and out of one or both ends of the closed 
cylinder, and for this purpose there are used one, two, three, or four 
valves, which open and close two or four passage ways, or ports. 

These valves are moved by mechanism of more or less complex 
form by the engine itself, and are either slides, lifting valves, or rotative 
valves. 

The use of the slide valve and eccentric requires little illustrbtion 
nntil we examine them more closely. 

The piston of the engine is connected to the piston rod, which passes 
out of the cylinder, and is fastened to the cross- head, and this can only 
move in a straight line. The connecting rod is attached, at one end, to 
the cross-head by a pin and suitable box, and at the other end to the 
crank pin; thus, one end of the connecting rod can only move in a 
straight line while the other end moves in a circle. 

The action of the slide valve by the eccentric is in a similar manner — 
one end of the eccentric rod moving In, or nearly in, a straight line, while 
the other end moves in a circle; for, it must not be forgotten that the 
eccentric may be, and sometimes is, defined as a crank with a small crank 
arm and large crank pin. 

It is well known that the motion of the two ends of the connecting 
rod is not regular; that is to say, that for equal movements of the piston 
eqnal ones are not moved over by the crank, and further, that for equal 
distances moved by the piston from the end of the stroke, the angles 
moved over by the crank from the dead points are not alike; and, also, 
for eqnal arcs moved by the crank, the cross- head and piston move 
unequal distances. This is shown in Fig. 2, where the arcs 0-1 is equal to 
r>'7, 1-2 equal to 5-6, and 2-3 equal to 4-5, but the distances on the straight 
line between points with the same numbers are evidently not equal. 
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An examination of this ii*regularity shows us that it increases as the 
lengths of the connecting rod and crank are more nearly equal, and 
decreases the more unequal they are. Now for any engine, the lengths of 
the connecting rod and crank are more nearly equal than the eccentric 




Fig. 2. 

rod and eccentric radius for the same engine, and if the latter are 50 
inches and 2 inches long, respectively, the greatest error introduced by 
them is less than 0.005 inch. We should be justified in neglecting this 
entirely, but we must remember that we can not do so for the irregularity 
due the connecting rod and crank; and it becomes convenient for us to 
refer the position of the slide to that of the crank arm instead of referring 
it to the piston, as is more usually done. While it is more natural to think 
of the position of the valve with the piston at half stroke, for example, 
jet w^hen we reflect that this piston at half stroke gives two positions for 
the valve instead of one, it becomes evident that to define the position of 
the valve as that due a certain crank angle, 90° in the case taken, or crank 
position given by drawing or otherwise, is more exact. For we so easily 
find, by drawing, the place of the piston or cross-head when the crank 
position is given, or the reverse, that no diflflculty will be met with in our 
study if we confine ourselves to the connection between crank and valve 
position, in place of the more usual statement, the connection between 
piston and valve positions. The methods used are, therefore, those of 
drawing, and little computation is needed. 

The position of the valve with regard to its eccentric is readily found 
as follows: In Fig. 3, A J? is the throw of the eccentric, F C the crank, 
and C D the eccentric radius; D being the centre of the eccentric while C 




Fig. 3. 
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is the centre of the shaft. To find the position of the valve, draw D E 
from E perpendicular to A B. Then will C ^ be the distance the valve 
has moved from its middle position, and E B and E A the distances of the 
valve from the end of its travel in either direction. By combining this 
with (^ Fy the position of the crank arm, we see that we have the angle 
between the crank and eccentric. A convenient method of examining the 
whole motion at once, is found to be by laying out on C D or C F the dis- 
tance CE=CG = CH, and moving the point G or H as the shaft is 
turned. 

We will take a position of Fig. 3 on a larger scale in Fig. 4, and make 
the construction for different positions by laying upon the eccentric arm 
the amount the valve has moved from the centre for that position of the 
eccentric. In doing this we see at once that if there be drawn from the 
point A, or end of the travel, a perpendicular upon the eccentric arm, A F, 
the distance C E = C F, which is the required distance from the middle 
position. Make C F^ on the crank arm = CFon'the eccentric, arm. By 




Fig. 4. 



drawing these for different positions it will be found that the point F 
always falls upon one of two circles whose centres are at O and if, one 
half of C A and C H from (\ This may be verified by trial, or by consid- 
ering that A F C is always a right angle and therefore inscribed in a semi- 
circle, since C A is common to all. 

The point y will always lie on one of two circles having the same 
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radii as before, but with centres / and J, which lie upon a line / J making 
2in angle with ABbX the point C, where it intersects it, said angle ICA = 
D C F', the angle between crank and eccentric; for when the crank is at 
/ r, the eccentric is at C A, and the valve is therefore farthest from the 
middle. We shall call the circles just found the distance circles, for by 
drawing any position C F' of the crank, we find that the valve is distant 
C F' from its middle position. 

We are now in a condition to state and solve our first problem: 

Oiven, the angle between the crank and eccentric arms and the travel of 
the valve; to find the position of the valve for any position of the crank. 

In Fig. 5 lay off A B, the full 
travel of the valve, and bisect A B in 
C. Lay off D CA, the angle between 
the crank and eccentric arms, and 
make D C = i A C, also produce D C 
and make C E = D C. Draw two 
circles from D and E as centres with 
radii = C A These are the distance 
circles. For any position of the 
crank, as C F or C F", or C F", the 
amount the valve has moved from its 
__ , middle position is 
given by the dis- 
tance from C to (7, 
0\ or 0\ If the 
crank arm cut the 
circle D the valve 
is to the right of 
the centre, if it 
cut the circle E, 
the valve is to the 
left of the centre. 
If a rock shaft 
is used between 
the eccentric rod and valve rod, as usual with American locomotives, the 
same diagram can be used, but the crank arm must always be con- 
sidered as if it were on the other side of the shaft from that which it 
actually is. 

Now this construction is not any better than the one given before in 
Fig. 3, as far as finding any one relation, or the position of valve from one 
given crank position; but it is more comprehensive and we can easily fol- 
low the backward and forward movement of the valve as we have the 
rotating motion of the crank, the valve always moving to and fro on its 
seat, while its distance from the centre of its movement is seen always to 
be the amoimt cut off on the crank arm by the distance circle. Figure 6 
shows a longitudinal section of the slide valve as usually constructed. 
When placed in its middle position it completely covers the cylinder ports 
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and projects beyoud thcin on both sides. The name given to the exter- 
nal projection is lap, or steam lap, and to the internal projection, exhaust 

lap. These names are 
nsed to denote the linear 
amount of these projec- 
tions as well as the pro- 
jections themselves. 

It is evident from the 









>i» . . t . . ' 



Fig. 6. 



diagram that the cylin- 
der port at one end can 
not be opened to the steam until the valve shall have moved away from that 
end a distance equal to the steam lap; nor can the same port be oi)eued 
to the exhaust until the valve is moved from the centre towards the port 
a distance at least equal to the exhaust lap; and if we lay one of these laps 
on the crank arm it will describe with them two circles upon the centre 
C Introducing this element into our diagram we are ready to'answer our 
nexjb problem: 

During what portion of the revolution is the cylinder open to the steam 
and to the exhaust, the angle between the crank and eccentric anna, the 
travel, and the laps being given? 

Lay off in Fig. 7 the full travel A B bisecting in C, and draw the line 
D C E through C, making the angle D C A equal to the angle between 




Fio. 7. 

the crank and eccentric arms. On D and E, as centres, draw the two dis- 
tance circles with D C and E C as radii. With tlie given steam and ex- 
haust laps as radii, draw circles, or portions of circles, on C as a centre. 
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cntting the distance circles in eight points. Through these eight points 
draw radii from C. When the valve distance is greater than the lap circle, 
one side is open to the steam; and when the valve distance is greater than 
the exhanst lap, one side is open to the exhaust. When the valve distance 
is less than the steam lap, the steam is closed at one end and the exhaust 
at the other end is open, or closed, as the valve distance is greater, or 
less, than the exhaust lap. 

From Fto G the steam is open at the left end, and from F' to O' at the 
right end. From H to I the left end exhaust is opened, and from IT to T 
the right end. For an engine without a rock shaft the cylinder is sup- 
posed to be at the right of the diagram, and for an engine with a rock shaft 
the cylinder is supposed to be at the left. The rotation is from D to ^ 
through G, 

W^hen the valve has moved to the right the right exhaust and left 
steam ports are open. When the valve moves to the left the left end opens 
to the exhaust and the right end opens to the steam. The valve moves to 
the right, if there be no rock shaft, when the crank cuts the circle D, and 
to the left when it cuts the circle E. With a rock shaft we may consider 
the crank arm to be moved 180^ on the shaft without other change in the 
diagram. In this problem there are various points involved. First, the 
angle between the crank and eccentric arms; second, the travel of the 
valve; third, the position of the crank when the steam opens; fourth, the 
steam lap; fifth, the position of the crank when the exhaust opens; sixth, 
the exhaust lap; and we can, of course, with all these data, solve other 
important questions, one or two of which we shall introduce and con- 
struct. 

Given^ the travel and position of crank for opening and closing to the 
steam; to find the angle between the crank and eccentric arms: 

In Fig. 8 set off the 
trave A B bisecting at C, 
and through C draw the 
two positions of the crank 
when the ports are to 
open and close to the 
steam, C II and F re- 
spectively. Bisect the 
angle H C F by the line 
(' D. Then will D C A 
be the required angle 
between the crank and 
- I eccentric arms. 

Given y the travel of 

the valve, angle between 

crank and eccentric and 

Fig. 8. point of closing to steam; 

to Jin d the lap. 
In Fig. 8 set off A J5 equal to tlie full travel, bisecting in C; lay oft A CD 




equul to the angle between the crank and eccentric ormB; draw the distanoe 
uircle from Ens a centre througli Cwithradiusf £cquat ioi A fi,and drav 
€ F. the required i)oaition of crank at point of cut ofl. C II is the steam 
lap, for where f ' F oiitB the diatftnce circle the valve is closiiig the etcam 
port. Druwitig the arc O I from C u-s centre, with ' ' d radius, we find the 
steam opens at r /a htlie betore the crank gets to the dead point. The 
diutance •/ K is the amonot the valve is open at the end of the stroke, and 
the opening, and amount of opening, arc known as stcsni lead. If this 
opening be thought too great the eccentric must be moved on tliu shaft 
and the lap foand again as before. Ka D C alwaya liisects H C F, this pre- 
setits no dilHculty, And it ia to be remembered that D J la always at 
right aiigleu to A B. 

f.livt:n. the travel, lap and lead; to find the cat off: 

Bet oO in Fig. H the full travel A H bisecting at C. From <" lay off 
C K equaJ to the 1h]>. and make K ■} equal to the lead. Draw J ti at right 
angles to A B, and make C l> equal to A ('. equal to C B. by taking r as a 
centre and atribing nn arc with A Cos radius cutting the perpendicular 
■/ D in D. Bisect < ' /' in E and draw the distance circle through D J and 
C, using E C ixs mdins. Draw also the arc I K O with the lap C K as 
riLiiius. and draw C F through O. C F is the posltjou of tho crank at 
culling oS Hteaui. 

A little practice with this method, llral upon actual valves, aadtlieii 
by combining the foregoing problema, introiUiciug also the exhaust, will 
soon give a feeling of confidence not easily obtained with the ufinol 
methods. 

There ia yet one cai^e with a common slide valve which it is de8irBl>le 
to examine. In the foregoing examples we have supposed the eccentric 
rod to be nearly parallel to the line Joining the centre of the shaft and the 
crosshead, either by placing the steam chest on the aide of the cylinder, or, 
If it l>e on the top of the uylinder, by tho use of roek shafts. Now the 
latter are always ugly, and. although much used, the former arrangement 
is to be preferred when possible. There are, however, cases in which It la 
convenient to lead the dicentric rod in an angle to the line from the shaft 
centre to the crosshead, the steam cheat being on top of the cylinder and 
the valve rod jointed and guided; or else the ateom chest is at one side of 
the cylinder, but is above or below the centre. 

The action of an oblique connecting rod ih seldom eiplained. or more 
rarely fully understood, and we shall therefore devote some attention 
to it. Looking at the general case in Fig. 9, we see that the further 
end of the connecting rod can come no nearer the shaft than the differ- 
ence in length between the rod und crank, and can go no further from the 
centre of the shaft than the sum of the lengths of the rod and crank, and 
that these are absolutely the only limits imposed by the erank. Thus, in 
Fig 'J. by taking C it as the length of the connecting rod, and CA as the 
length of the crank, by drawing from C as a centre two arcs with rodli 
equal to A C + C B and C n - A C.tha only limit to the stroke is that Its 
ends shall lie on these hues anil that it should take place between Ihem. 
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The path of the outer end may be straight or curved. For slide valves 
worked in this manner it is usually straight, the end moving in guides; or 
nearly straight with attachment by a comparatively long link, so that the arc 
it moves in is flat and close to a straight line. Suppose it is straight, then it 
can be seen that the length of the stroke produced by a given crank may 
be varied considerably, as, for example, at D E and F Qy the latter being 
plainly the greater. Another feature is also introduced: that is, that for a 
imiform revolution of the crank, the times of forward and backward 
strokes, which are the same for D E, are not equal for F G, because the 




Fig. 9. 



dead points, which always occur when the crank and rod are in the same 
line with each other, when the motion changes, are, for the stroke F G, at 
the points J and K, These are not on the same diameter, and it will take 
longer to pass from Jto K and F to G than KioJ and G to F, the revolu- 
tion being right-handed. This is taken advantage of as a ''quick return 
motion" in some slotting machines. If, now, the middle of the stroke F G 
at //be found, and the straight line H L N C be drawn, the dead points K 
and J will not lie on this line but near it, and the longer the rod is com- 
pared with the crank, and the smaller the angle E C H, the closer will be 
the agreement; and when the crank is on this line the other end of the 
connecting rod will be close to the points F or G, as the case may be. 
If the motion were studied on the line A E only, being a parallel to 
F G passing through C, it would take place as if moved by a crank arm 
C A instead of C L, which is at the angle A C L from the other, and^ in 
fact, we may call C A an equivalent crank for (■ L, for it will cause the 
stroke DE to he made at the same time as C L moves F G, the rod coming 
to D in oner case when the other comes to /^, and to E when the other 
arrives at O, 
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In applying tlio vhJvo tliagram to no eDtrine of this kiatl. tbo nnly 
change we have to make is, tliat iimtcud o( iiuing th(! nctual angle between 
Cbe crank and eccentric arnia, wc must u«e in its place the angle between 
the crank and the equivalent eccentric arm; that ia, it must be changul by 
the nngle between f A nnd f /,, or yl f L, iu olhcr words, by ibe angle at 
the centre of the crank nlmft between the linea there from oiio to tlio 
centre ol the travel, and the oue to the jilaco whore wc have aHBumed our 
inveatigatiuu to be made. Tliese linea may also be said to paas from the 
centre o( the abaft through the average dead poiiita and the otlier tbroogh 
the equivalent dead jioint. This change will be an increase or decrease 
ill the angle between tbe crank and eccontrlc arms, or rather, the travel 
line and the line joining the centres of the distance circles, according as 
the rotation is right or left-banded, there being no rock shaft used. 




FlO. 9A. 

Such engines iire not very common, but Ihi' only objection lie 
neceiksity of gniding the end of the valve rod. 

In the preceding paragraphs we liave dlHcussed tbc case of ai 
trie tixed on the shaft, and moving n single slide valve, in such ]i 
that no clisiige is made in the relation or movement of parts while tha 
engine la iu motion,— all adjuatmenta being made during tent. This 
also may bo taken to apply to the old-Cosbloned ~D" elide, to "D" valve, 
iiiitl to piston valve engines, and tUese types are in most general line. 
The advantages of simplicitv, durability and universal acquaintance ue 
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found to ontweigli many points, even the waste of steam. The desire to 
change the points of cat -off, either with the engine stopped or in motion, 
and the necessity of reversing the direction of rotation in many engines, 
have led to the use of two eccentrics working one or two slide valves, and 
in some cases to three eccentrics working two slides. The necessity of 
reversing was the cause of the adoption of two eccentrics before any change 
in the expansion was considered. The first reverKing gear used with the 
slide valve was probably some form of hook attachment to n rock shaft 
carrying pins on both sides of the centre. If a valve be made without lap 
or lead the steam follows the piston full stroke, and the position of an 
eccentric is 90^ in advance of the crank, — to reverse the position of the 
eccentric it must be changed 180°. 




Fig. 9B. 



When, however, there is lap, it is evident that there can not be an equal 
opening for forward and for back gear with eccentric arms 180° apart; but, 
as we have already stated, the eccentric arm is more than 00° in advance of 
the crank, and all that is required is to use the same angle between the crank 
and eccentric arms for each motion. Figs. 9 A and 9 H show two arrange- 
ments for accomplishing this with a single eccentric. The eccentric is not 
keyed to the shaft, but is bolted to the face of a disc of smaller diameter, 
rigidly fastened to the shaft. In one of the arrangements shown, the 
eccentric can move freely about one of the bolts as a centre, while the 
other projects through a curved slot. This second bolt can either bo 
tightened, holding the eccentric to the disc in rny position between the 
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tw-o extreme ones, thnd altowiug a change in the eoccntrio arm wlien the 
eas^^ la still; oi-. the eagiae beiog moved till the eccentric comes to rest, 
vizb the end of the slot against the bolt, of couiaui the eccentric will 
laUcvr the motion of the shaft, and the urank und alot being properly 
imuiged, the valve wilt keep the engine mnnlng In the direction In whiob 
It ■WHS started. 11, on stopping, the engine be moved by hand so as to ran 
in theotlit-r direction, the shatt nntl disc will move until the eccentric 
)s canghl np with, and the eugiue will drug it properly to contiuue the 
motion. It is Iheretore ii simple reversing gear for engiuts umall enough 
la Im.- easily tamed by hand. Sometimes a, small fly-wheel has been 
monjited with the eccentric and a qnick closing valve placed on the steum 
pipe. By closing the steam valve quickly the fly-wheel will carry thn 
scoenttic rouud so that the engine would start in the other dlreetlou ; while 
ou the other hand. It the steam valve be closed slowly the eccentric will 
r«tn&tn in contact with the disc and the engine will start in the direction 
it hnd been moving— an arrangement hardly pi'orai&ing to remain long in 
vorloDg order. In larger engines the same curved slot, or the straight 
alot shum in the other flgure, U /{, let used, und the eccentric is traversed 
b.rn sleeve and key: the latter Is spiral and is so arranged that by moving 
Ihe sleeve along the shaft the eccentric is shifted aci-oss the shaft. The 
inoTemant ot the sleeve is effected by a yohed lever. 

The construction ot the valve diagram tor difTeruut positions of these 
w5«ntriCB, and the change in the out-off produced thereby, is a very 
•IwlraMe study tor the stndent. Where two eccentrics are nsed tor moving 
1 elide valve they are usually fastened to the shatt, and the rods are 
attached to the eocentiic by straps or yokes; the other ends ot the rods 
ure tonneeted by pins to a piece called the link. There are three 
viirictiea ot the motion which goes under the name of link motion, bat 
u( lale years one or both of the eccentrics have been omitted and the 
link moved from wome other portion ot the moving mechanism. The 
Uir«e kiudn noted have been long in use, and are known as the shift- 
i»8 link, being the invention of Howe, a foreman in Stephenson's 
I*«oniotive Works, or the Stephenson Link, the Gooch. or Fixed Link. 
prndnced about tile same time in the locomotive shops ot Mr. Daniel 
(ttKvh, uid the straight link ot Alexander Allan, a combination of the 
oUiet two. 

Kg. 10 sbows clearly the arrangement for the shifting link in its most 
•llple lorm. The link joining the ends of the two eccentric rods is alot- 
**<) em and the valve tod Is pinned to a rectangular block, sliding In the 
^el< bat which in this simple form can be clamped to the link. When 
l*x»e, the link can be moved by the handle nt Its end until it occupies any 
«l»eii or desired position. It will be seen that it the link be placed with 
oneendof the slot against the slider, the valve will move by the eccentric 
•wiieclfldto that endot the link almost entirely, and we ehall have toei- 
•Bune the motion when the slider is clamped at some intermediate point 
between the ends. In order that the centre of thu valve may remain 
uaeluuigcd tor all positiouti of the link, a curvaturt' must be produced iu 
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the Blot; otherwise, as the link is moved, say from its end to the centre, 
the valve is pulled over toward the shaft. The valve still has the same 
motion as a whole, its travel is simply displaced, thereby producing 
unequal distribution of the steam to each end of the cylinder. By curv- 



t- 




Fig. 10. 

ing the link to an arc with a radius equal to the distance from the centre 
of the shaft to the centre of the slider when the valve is placed in its cen- 
tral position on its seat, this action is removed. 

In Figure 11, for the sake of clearnCvSH, consider the link as a straight 
bar, the extremities of which are hung in such a manner that the ends L 
and 1/ can only move in lines nearly parallel to the line A C B; this may 
1)0 the case exactly for either, or nearly, for one or botli of the points 
L L\ Inasmuch as C L and C U both •make angles with C Ay both ends 
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of the link m»iy come under the case of oblique occentrio rods. But 
this presents no great difficulty. If the link wert' moved till L came to 
the slider J/, the motion received by the valve would be that due to the 
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eccentric E; but for the given position, the point L receives motion 
parallel to ^ C as if it were driven by a virtual eccentric at Fy with angle 
between crank and virtual eccentric arm, A C F equal to L C E, while the 
point L' receives motion from E\ as if moved by a virtual eccentric at F^, 
with the angle AC ^ equal to the angle // C K\ In general 

A C F '\' A C F = L C E + L' C E' . 
E C Ff—(A (7 F + A C r ) = KVFT —{L C E + L' C E"); 
or, EC F-^ FT C r = A CL + A CI/ = L CV = the link angle. 
Hence, also, the angle, F C F\ between the virtual eccentric centres is 
constant, and it swings around its vertex C as the link moves. If the link 
1>o divided in any proportion, the link angle should be divided in the same 
proportion; and an angle may be set proportionately to the number in 
which h M divides L U . L and U then move exactly ns if they were 
on the line C A driven by the virtual eccentrics, F and F^ ; for E comes 
to its dead points when l?' comes to C Ay and £',when F" comes to C A% 
tbe dead points for E and F being on, or very near the lines C L and 
C V respectively. 

We have now to examine the motion of a point on a bar, when the 
bar ia moved at two points, as if connected with a crank or eccentric 
at each of such points. We have established for the points of connection 
Lt and L\ the virtual eccentrics from which they receive motion, as far as 
the line A C is concerned, and we come to the motion of the point Af, as 
follows: 

The motion of 3f may be found by considering that, if V were fixed 
while h moves, the motion of M would be definite; and, also, if L were 
fixed while // moves, the motion of 3/ would ajjain be definite; while if 
h and V both move, the point M would have a motion equal to the 

resultant of these two motions. 
Now, enlarging a part of our Fig. 
11, we see in Figs. 11 and 12, using 
the virtual eccentrics F and F* ^ 
as it has been shown we must do, 
that if U be fixed, FT V discon- 
nected, and C A'be made the same 
X pait of C F that V M is of L L\ 

" the point M will move as if driven 

by an eccentric with centre at K 
and a rod at M K\ and also that if 
L be fixed while E L is discon- 
nected, and C K' be made the 
same part of C F" that L 3f isof 
L L', the motion of M will be as if 
derived from a single eccentric, 
centre at ^, by a rod IC 3/. To combine these two motions at once, 
draw K N equal and parallel to C K'\ then does the point .V revolve 
about iT as iT' does about C And also draw AT' iS^ equal and parallel to 
C K; then doej the point N revolve about K' as K does about C\ Either 
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nuy we look at it ,V revolves about K wlitlo K revolves about C; or A" 
revolvea about K" wlitle A" revolvea ainrnt C, and hence the point 3t 
movcaaoif liireotly connected with the point N hj a rod 31 Not fls«d 
length. The point N may therefore be called the virtual eccenli-lc centre, 
and r aV the virtiml eccentric nim, for the point M. It is also aeeu that 
the point .V is on the line F f. which it dividesi in the proportion that Jf 
divides L U : (or the triangles F K .V, S K" ¥" and F C V , lire all similtiT, 
and the line F F* may be drawn and the point A' found at once bj making 
¥• ,V the same pnrl of F F' thnt M L is of L V . This ia a more conven- 
ient constmirtion for the point S than tlie other, which waa, however, only 
intended for demonstration. It may be necesaary again to uantlon the 
reader that the components of motions arc all nnderstood to be pujratlel 
toji r. 

If the link wua, as a whole, fixed, or was not to be changed, we oonld 
find once for alt the virtual eccentric for the end points L. and i.', anil 
draw FF at once. But, as in the shitting link miition, we use all portions 
of the link which is moved about C.i, we have F coinciding with £ when 
L coincides with M, and then A' falls on K. As the link is moved the tri- 
angle F f f ia swung about (', and the point -V travela along F F" UIl 
the other end, L' . of the link la brought to M when the point N rcNchn 
F wliioh coincides with W. The line which inclndee all poaitionB of the 
point .Vis a kind of spiral, but is approximated by Rankine to a circle, 
and by Zenner, to whom the whole method is due, Co a parabola. We 
will content ourselves with drawing thla curve as the arc of a circle, and 
with finding a third point thereon by which it may be conatmctcd. We 
have already found Fend F on tids curve coinciding witli E and R 
respectively; then if, an ia unuaUy the cose. V F = C E. the middle point 
or the curve between F and F' ia easily found. Set oH in Fig. 13 the 
angles F C F, E- C f, each equal to one-half the link angle, L C I.\ then 
the point found by the intersection of F F" with A C ie, for this case, the 
middle point of the arc K.Vf desired, and a circle la passed through 
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these three points. If the link be drawn in mid-gear and we take the 
intersection of the rods L E, V E\ combining this with our valve dia- 
gram, we find a complete mastery over the link motion, and we will try to 
solve some of the cases which are of frequent occurrence. 

(fiven, the full travel, the laps and the lead in full gear and the link 
angle: to find the mid gear travel and lead, and also the travel and lead with 

points of admission, cut off, compression and 
release for any given position of the link. 

Set oflf, in Fig. 14, C L = the lap and 
L P, equal the full gear lead; from ^' as a 
centre swing with a radius = one-half the 
full travel, the arc E F, and erect the per- 
pendicular P E cutting this arc in E. Lay 
oft E C F one-half the link angle, or one- 
half the angle between the end radii of the 
link itself (which is not shown in the 
figure), and drop F Q perpendicular to 
C L. Then (J Q is one- half the mid- gear 
travel, and L Q is the mid-gear lead. By 
producing E P to E" making P F/ ^ P E 
and drawing an arc through E Q F/, we 
have the curve on which the single virtual 
eccentrics are found. Suppose we wish to 
find the steam and exhaust openings and 
closings for that position of the link which 
is three- eighths of the way from fnll for- 
ward to full backward gear. Divide the arc 
E E" hy O, so that E G is three-eighths of 
EE' measured on the arc. Join CO. This 
is one -half the valve travel required; from 
the middle point lir of C ^r as a centre, draw 
a circle with radius C K; and from C as a 
centre, draw the lap circles or portions of 
them; that is, the radius C L = the steam 
lap, and (^ V— the exhaust lap; and where 
these arcs cut the distance circle from AT, 
the points of intersection give, by drawing 
lines from C, the positions of the crank 

C Slot steam admission, C T for cut -oflf, O C produced for release, and 

V C produced for compression. 

It sometimes happens tbat the forward eccentric is the lower one when 

we make our examination, and in such a case we must lay -^- on the other 

aide of C^and CE' to find the virtual eccentric centres Fand F^ ; making 
the necessary construction we have the middle point of the line F F^, or 
S, as the single virtual eccentric which drives the block in mid-link, and 
we may pass our curve through E, E^ and this point as we did before; but 
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we find it curved in the other direction, and the mid-fcear lead i« 
the fnll gear lead, while in the flmt case it was greater. 




Fio. 15. 

The fixed link, or Oooch'a link-motion, la ahown on page 32. A awing- 
ing rod called ladiua rod is attached to the valve atem a&d carries the alider 
»t its free end. This rod is controlled from the foot board in the same 
s the link in StepheDson'a motion, and the actual eccentric centres 
are the vlrtnol eooeatrlcs. As 
the eocentric rods do not change 
their mean angle with the mo- 
tion line the single virtual eo- 
oeatrio 1^ found on the atralght 
line EE". Figs. 13and IS, Join- 
ing the real eccentric centres, 
and the lead does not change for 
any position of slider. This gear 
ia a favorite in England, but Is 
rarely seen in the United States. 
In Fig. IC the lap and valve 
cirelea are drawn for different 
gears and will be readily un- 
derstood. 

The diiHcnlty experienced 
in Uttiug the curved links tor 
the shitting and tlied link-mo- 
tiona, end the fact that the cur- 
vature in the link, required to 
keep the valve at the same place 
in mid-travel, was in different 
Fio. 16. directions, led Mr. Alexander 

Allan, then employed at the Crewe shops, to design a link, shown on page 
J-2, in which the radlns rod was retained, although the link was alMo ahifteil; 




and bj proper proportions of (be rocker arms, attaclied to link, and of 
nutius rod, a straiglit link was Meoured. 01 course tli<jJic straight links 
were easier to flt tbau the curved ones. They ore in quite general uae in 
England Hnd on the Coutiueut, while in the Cuitod States they have been 
rarely, if at oil, used, 

In studying this link-motion we oaU the angle from the centre of shall 
througli which the link is Hbltted a, and set oS one-baU of it from the 
actual eccentric centres to find the position of the virtual forward and 
backward ecuentric centres tor mid-gear; and we then Snd the curve on 
which alt our single viitual eccentric centres lie rm In the case of tb« 
StepbeoHon link. The curve In this cane is flatter, nnd the change from 
full to mid-gear lead is less than for the Stephenson link. The mid-gear 
lead may be greater or less than fuU gear lead aci-ordiug ns the upper or 
lower eccentric is used tor forward gear. 

No drawing ia required. The change of cut-off lor different positions 
of the sUder is shown by tbe distance and lap circles as already explained 
for the Stephenson and tbe Qooch links. 

The rock shaft aims have to be proportioned to tbe segments Into 
which the line from centre of abaft to centre about which radius rod 
vibrates is divided by the vertical through tbe centre of rock abaft. 

All three of the gears described as having two eccentrics are used for 
reversing gears as well as fur changing point of cut-olf ; and, In tact, were 
used only for the former purpose years before their value for the latter was 
appreciated. For many years these three were the only forms employed. 
Of late years, however, a variety of gears for varying point of cut-off and 
[or reversing the motion of the engine have come into use, which we will 
discuss in order of complexity rather than of age. 

One of tbe most widely extended niodiflcationa of the link-motion with 
two eccentrics is met with in tbe valve gear of 'WttlBohaert, or tbe Heusin- 
ger von Waldegg liuk-motion, shown on page 35. 

In tbe ordinary form of link-ntotiou we have two eccentrics attached 
to two points on the link, and we get more or less of the motion of ono 
eccentric by connecting tbe valve rod to different points upon the link. 
Suppose, however, that while one ecaentrii! attached to the combination 
arm remains constant as to length of its arm and tbe angle it makes with 
crank arm, we have the means of varying the length of the other eccentric 
arm, which is attached to a second point on the combination arm as shown 
in illustration. If, now, tbe valve stem be connected with a third point on 
the combination arm the movement of the valve can be controlled bj 
giving more or less travel to the variable arm, and can be reversed by 
revemlng the motion of this arm. 

In the Walscboert gear, tbe link, or combination arm, is moved by 
an attachment rod from tbe cross-head, and its lowest point moves with 
the piston or main crank. This combination arm Is attached at the upper 
end to tbe valve stem, and just below this attachment it is pivoted to a 
centre. If this centre were fixed the valve would receive only the motion 
due to a virtual eccentric in lino with the crank, and with an arm whiob 
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bears to the crank length the fraction that the short distance from valve 
stem to pivot is of the length from pivot to pin at cross- head connection. 
The other element of the motion is obtained bj connecting the pivot of 
this lever to a vibrating slotted link, pivotted at its centre, by means of a 
rod attaching to a slider in the Unk. The vibration of this link is given 
by a small eccentric set at right angles to the crank, or by a retnm crank 
from the main crank pin. The effect of moving this slider in the vibra- 
ting link is to change the travel of the pivot in magnitude, or to reverse 
its motion; the pivot always reaches the end of the stroke and its centre 
at the same part of the revolution: i. e., its period of vibration, or motion 
with respect to the motion of crank remains unchanged, however much 
the radius rod may be changed; but the amount of movement received by 
the valve stem is greater than that received by the pivot in the ratio of 
the whole length of the combination arm to the portion between the pivot 
and cross-head connection pin. 

To illustrate: Suppose the stroke of the piston is 24 inches, while the 
combination arm is 26 inches, with the pivot 2 inches from the valve 

stem connection. The 
amount which the valve 
moves due to the pis- 
ton movement only, is 

inches 




24(26-24) _ o 
24 "" ^ 

nearly, not exactly, a 
slight error being intro- 
duced by the connecting 
bar from the cross-head 
to the link, w^hich, in 
changing its inclination, 
reduces the travel near 
the ends where inclined 
to the stroke. 

If the radius of the 
eccentric or return crank 
be 2 inches, and the ex- 
treme length of the vi- 
brating link be 6 inches, 
3 above and 3 below the 
centre, and the attach- 
ment of the vibrating link 
to eccentric is at 2 inches 
from the centre of the vi- 
bratinglink,we can easily 
draw valve diagram. In Fig. 17, set off horizontally 1 inch, which equals lap 
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+ lead, from the centre C on line A C, and then vertically a distance = 



26 
24 



the distance the slider is from the centre of the vibrating link = 2^ inches; 
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joining this point with C we use this line as the diameter of the valve circle, 

and by drawing the lap circles we have all the points as before for the 

opening an d closing of the steam ports. This gear has been nsed in Europe, 

and was introduced into this country by the late William Mason, who 

placed it on many of the light engines used for passenger travel at Coney 

I^nd beach and about New York. 

In desigpiing the preceding forms of valve gear, many little points 
arise with regard to equalizing quantity of steam used at each end of the 
cylinder, and for so arranging the details that the wear shall be a mini- 



f 
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Fig. 18. 



mtim. A detailed study must bo made in each case, while for many praoti- 
cftl points the works on "Link and Valve Motions" by Zeuner, and also by 
Xuchincloss, will be found of great service. 

If in Fig. 18 we compel the end of the eccentric rod to move in the path 
H R'^e know that the end of the rod will always reach the centre and ends 
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at tlie travel in deflned time, while with regard to a motion at right angles 
thereto in thia oase tlie end will have none. Now, If the path Ib from Fto 
Q, It can be seen that the end of the rod has a very respectable component 
vertically, but tliat it reaches the end and centre of the travel at the same 
time as before, or nearly so, and the horizontal travel ia H K nearly, and 
the vertical is FH + KQ. By changing the angle of the path we Qnd the 
magnitude of the path may be changed and even the motion reversed, as 
y passes C K, and at the same time Uie vertical motion of the rod at the 
end may be Increased or diminished. We have then all the elements for a 
Unh In the eccentric rod Itself. One end moves np and down with the 
motion of the eccentric, and the other end moves up and down with the 
in and oat motion and the eccentric rod becomes the link. 

;t the valve stem to a slider, leaving the path 
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■t tbe outer end fixed, or we can 'coDDect tbe valve stem to an; point on 
ttke link, as l', and change tbe Angle of the path at the end, thns cunsing 
">s travel to'ivarj; the time, however, ol the onter end up and down 
''loUon being the same asthat of the in and ont motion. The valve stem, 
"' coone, in this flgare moves vertically. 

This form has been adopted by Mr. F. Marshall for moving the valves 
°' vertical marine engines. The arrangement is shown in Figs. 19, 19 A, 
^1^ 19 B.i^In Fig. 19,ltlie form of path adopted for the onter end is the 
■itof aoircle,[.the end of the eccentric rod l>eiDg connected by a radius 
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vA swung from the point O, The form maj be either a slot or the arc of 
■ Icicle. Fig. ISA shows a straight xlot In the face of a disc attached to 
the end of shaft connected with a reverse lever. 

Id Fig. 19, C is centre ol Hhaft; A, crauk pin; A l>, connecting rod; K, 
(.■entre of eccentric; E I, link; V, valve stem connection; ti I., wm Hxed to 
siis ol geared arc Z Z, at L: W, handwhcel which moves the geared arc 
by mcaQH of worm if; O I, radius rod which controls movement of cud of 
li»k, ot eccentric rod. 
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Mr. Gharle8 Brown, of Wintertliur, Switzerland, introduced many 
varieties of this form, see Fig. 20. In most of tbem the eccentric was 
dispensed with, and the link attached to the connecting rod in such a 
manner that while the movement in the direction of the inclination 
is reduced, as in the Walschaert gear, the other component, that due 
the transverse vibration of the rod, is the one which is governed by 
the path used. 

Mr. Brown usually employed some form of parallel motion at the 
outer end in place of the slotted guide. Most of his work was applied 
to engines with rods quite long in comparison with the movements 
taken from them, and both Marshall and Brown attached the valve 
stem either between the eccentric and guide, or outside of it as de- 
sired. 




Diagram for Marshall's Valve Gear. 



Mr. David Joy has introduced, quite extensively, a form of gear 
similar to Brown's in some respects, but more carefully worked out in 
others; Figs. 21 and 21 A. Mr. Joy attaches to a point near the centre 
of the connecting rod a bar H I; Fig. 21 A. This bar is carried by a 
hanger from •/, a fixed point iu the frame of the engine. Now, as the 
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Brown'8 VAI.VE Grab. 




crosiB-bea'l moves Iroiu DtoE the point 
/ moves in the arc of a circle, but beoanae 
the length H 1 ia short it gets an extra 
pull In when the cross-head neara the 
end o[ the stroke. Mr. Joj therefore 
carries his link from A', a point on H 1. 
to tha guides L, and attaches the valve 
stem M N \,o& point in K L, in this case 
prodnced, at M. The results have been 
very good, and in most cases pin joints 
ore iised for eccentric atraps. In many 
cases Mr. Joy replaces the gnide /., 
which lie makes curved to radins de- 
pending on N M, by a swinging link 
having the same centre as the guide; 
this centre is mounted on an arm of 
a rock shaft, and the rock shaft cen- 
tre coincides with that of the guide. 
Two more pin-joints are required but 
the wear on the guide ii 

Jlr. Kirk has ] 
valve gear. In ii mar 
places a vibi-ating link o 
side leveru in such a 



a form of 

le engine he 
the air pump 

that the 



centre of the link is moved thereby 
from the piston rixl. The link is caused 
to vibrate hj the trunaverse motion ol 
the connecting rod and a compensation 
due the obliquity ia introduced. In this 
case the levers adopted are in the 
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torm of a Watt parallel mo- 
tion. 

Tlie motion used for a 
link in the Allen engine for 
driving a elide valve, aad in 
tbe Porter- Allen for moving 
tlie steam valvea, la exceed- 
ingl7 elegant and clearly set 
forth in Fig. 22. The link is 
part of the eccentric strap, 
and the centre of the link, of 
which only one-half ia oon- 
atrncted for non-revorsing 
engines, is guided, in an ap- 
proximately Htraigbt line, 
by a swinging rod attached 
to the frame; so that the 
small versed sine of half 
the are of awing is bisected 
by the centre line of engine 
and the chord of the arc is 
parallel to it. The eccen- 
trlo is forged un the shaft 
and corresponds in Pig. 23 
to the virtual arm A B. As 
we proceed up the link we 
find it also acting as a bell 
orank, and we see that by 
coming up the vertical B to 
C and making B C propor- 
tional to distance of slider 
above centre line, we have 
the virtual eccentric and 
distance circle for any point 
on tbe link. 

To draw the valve dia- 
gram for any point on the 
link, lay off first the real 
eccentric radiita on the 
motion line, and then from 
that point lay oS at right 
angles lo the motion line a 
distance equal to the real 
eccentric radius multiplied 
by the ratio of the distanci.- 
of the slider above centre 
line to the distance from 
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centre of eeoentrio to the point ol attachment of rocker arm. The point 
tbns found is the vtrtaal eooentrio centre moving the valve. The link la 
of course cnrved to the radtna ol length eqnal the radius rod. For a 
reveraing gear the Unh is coDtinned berond the centre or pin from which 
it is hnng. 

Another form of gear was nsed in Oermanj by Herr Kaiser, of Berlin, 
and is ver7 afmple. Two lugs project from the eccentric strap at right 
fljigles. To on« of them the valve stem Is attached, and the other is 
guided in a slot which can be placed 
at diflerent inclinations with line of 
motion. When the slot is in the line 
uf the motion, the valve is moved as 
single eccentric found in the 
diagram as follow.i: 

Set off on the.llnelof the motion 
the real eccentric radius, and at right 
angles to the motion, a distance 
eqnal to the real eccentric radius 
multiplied by the ratio of the dis- 
e from the centre ol the eccentric 
the centre of pin in the valve stem, 
to the distance from the centre of the 
Fia. 23. eccentric to centre of pin in slider. 
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When the slide is Inclined, the amount of vortical movement ot the 
aJJde block cansed thereby must be added to the eccentric radius betore 
mnltiplylng length of the Ingfs by the above ratio: us the Hum of these 




Fig. 21. 



nsed it is apparent 
that this motion is 
not well suited for 
a reversing gear. 

Inatcad of u 
slide Ik swinging 
link is often used, 
imd by moving the 
pdint of suspen- 
sion in an arc with 

middle point ot 

the motion a very 

good distribution 

is obtained. 

have considered the 

ling the valve diagrama akeady 

given by the use of lap the ©c- 

very early, or 






In all the foregoing motions, or 
valve ax the ordinary slide. By oxa 
given, we flnil that when an early out 
oestrio has to be set forwurd, and that either release a 
it this be prevented by giving lap on the exhaust 
side the exhaust closes early and uusUion begins. 
Now just where it is l)est to stop in either direc- 
tion hae not been decided, but the greater the 
clearance and number of revolutions the earlier 
the cut-off can be used with advantage. With 8 
per cent, clearance and less than ino revolutions 
it is not desirable to cnt off before half stroke. 
but if tlie speed be increased to over 3(HI revohi- 
tions a cut-off at one-fourth stroke may be em- 
ployed. If the travel of tlie vuJves on ii loco- 
motive tor fall gear be 4} to '• Inches, for a lead 
ol ^g inch at full gear, and !<„ Inch at mid gear, 
a steam lap of J iniih and no exhaust lap will 

acenre excellent reaults: but if the engine waa never to run at a speed 
of over 3D raUes an tioui', an exhaust lap of .( inch conld lie used to 
advantage. Most builders of stationary engines give so much exhaust lap 
that a considerable back presrare is caused, and the engiDcii can not be 
tun at high upeed. and for two reasons: 1st, that the steam does not get 
out of the cylinder fast enough, and, and, there is not enough cosltion to 
tase up the fling of the connections at high speed. An early release and 
strong onshiou are required for high speeds. 

At moderate speed an early release and strong cushion deadens the 
motion ot the engine over the centres, and the use ot two slide valvea, 
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one ■CMi top of the other, nue suggested by Uejer. A false Ttiive seat was 
BDg'^«sted by Bankine, with the object of obtaining a quieter cut-oft, 
the ^at being moved bj one ecceutrio vhile the valve was moved by 
anotlier. In this ifay the effect of an eccentric with greater throw was 
obbaJned. 

The first oh&Dge consisted In making the ateam cheat in two cham- 
bers. In the one next the cylinder the ordinary slide was employed while 
the steam came in through openinga from the other ohamlier, these open- 
ings were covered by a simple slide moved by an eocentrlo. Thus the 
inlet and exhaust were legolsted by the ordinary slide, bnt the second one 
cat oB the supply of steam. As the principtil obipction to this was the 
lAfSe clearance space left In the main steam chest and the consequent 
waste of steam, the Meyer gear became the favorite. 




The Me¥er Valve. 



The use of an expansion vatve on the back of the main valve allows 
*^^ main vslve to govern the admission, release, and cnshion, bnt the cut- 
**** is effected by the expansion allde closing the ateam ports of the main 
^^Ive. This combination enables the cut-off to take place more qnickly 
^^tb the sum of the motions of the two valves. 

In Fig. 26, A .d are the st«am ports end B the exhaust port in the cyl- 
^*^^er metal; (' Care the steam ports and D the exhaust port in the main 
*li*ie. The main slide is moved by rod E, the plates O O, on the top of 
^*%«main slide, by rod F. Steam is usually admitted by the outer edges of 
^l»«cut-ofl plates. 

The ecoenttib ol the expansion valve is usually placed in line with the 
Giiknh, either on the same or opposite side of the shaft. This, however, is 
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not essential, for there are fonr ways in which the cut-off may be varied by 
means of an expansion valve: 

1. By changing the lap of the expansion valve, nsnally by means of a 
right and left thread on the valve stem. 

2. By changing the travel of the expansion valve, usually by means 
of a radius rod joined to the valve stem, and a rocker link moved by the 
eccentric. 

3. By moving the eccentric round the shaft, of which, perhaps, the 
"Buckeye Engine** is the best example. 

4. By the use of a link motion for the expansion valve. 




Fig. 27. 

We shall examine hereafter these methods more fully; but to begin 
with will take up the case in which the expansion valve is without lap, 
and is moved by an eccentric placed opposite the crank, the main valve 
being without lap or lead, or, **line and line," having, of course, its eccen- 
tric set at right angles to the crank. The valve diagram may be drawn 
from the known position of the eccentrics, each valve being represented 
by its own distance circle. 

In Fig. 27, let C B be the diameter of the distance circle for the main 
valve and C A the diameter of the distance circle of the expansion valve. 
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Then, it being remembered that with the piston at the right end of the 
cylinder, the position of the crank arm is C A, the expansion valve is 
farthest from its mid position and the main valve is at its mid position. 
As the crank moves on towards the position C F, the main valve rapidly 
opens the port while the expansion valve moves inward, at first slowly, bat 
with increasing speed. At C F it is evident that the main valve and ex- 
pansion valve are at the same distance from mid position. If, therefore, 
there be no lap on the expansion slide, it will at this point cover and 

close the opening in the 
main valve, and C F is 
therefore the position of 
the crank at cut- off. The 
release of steam to the 
exhaust, being under the 
main valve, can in no way 
be dependent upon the 
upper, or expansion 
valve; but there is one 
thing to be carefully 
guarded against, which 
with this arrangement 
might happen: the main 
valve moves on outward 
and the expansion valve 
inward, until at C B the 
port in the main valve is 
wide open, while the ex- 
pansion valve is at mid 
position. The continuation of the motion draws the main valve back, grad- 
ually closing the port while the expansion vulve is now moving beyond mid 
position and would of itself cover the cylinder port if placed thereon. At 
C D, for instance, the main valve has not yet returned to the centre by the 
amount C E, while the expansion valve is past the centre by the amount C 
FT . We see that in this case there is no risk of opening the steam before 
the end of the stroke is reached, which was the danger to be shunned. Of 
course, at the end of the stroke steam is admitted to the other end of the 
cylinder by the main valve, its port at that end having been uncovered by 
the expansion valve when the crank was in the position C If , 

If with the given eccentrics we should desire to have the cut-off take 
place before the crank reach C F, we must add lap to the expansion valve 
so that its edge shall meet and cover the port in the main valve before the 
expansion valve becomes central thereto. On the other hand, if the cut- 
off is to come after C F, a, strip must be taken from the edge of the expan- 
sion valve which must meet the port of the main valve after the slide has 
become central thereto, or the lap must be negative. We will consider 
this case more fully hereafter. With the simple figure we readily see the 
effect of changing the angular position of the eccentrics on the shaft. 
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for the main valve is rarely set without lead cushion or a more prompt 
release. 

If the expansion eccentric be brought nearer the main eccentrio, or 
moved backwards on the shaft, we see in Fig. 28 that the intersection of 
the two circles takes place later, and that it may range to the end of the 
stroke, or more strictly speaking, to the cut-off given by the main valve 
due to its lap. 




Firt. 29. 



It may also be seen, that in the use of an expansion valve without lap 
the effect of a change of travel, see Fig. 29, in the expansion valve, the 
position of its eccentric remaining the same, will also vary the ont-off 
through a considerable range, but in this case we must expect inconven- 
ience to arise from the ^osXer length of steam chest required to accom- 
modate the increased travel. 

Tht; effect of changing the lap on the expansion valve is beat examined 
by combining the distance circles of the two valves as follows, see Fig. 30: 

Take as before. C B and T'^l, the distance circles of the main valve and 
expansion valve, respectively. Join A B and draw C O parallel to A B, 
and li G parallel to A <\ Upon C f'/ as a diameter draw a circle. Then, 
for any position, as (7 Z>, of the crank, it may be easily shown that the dis- 
tance of the centre of the main valve from the centre of the ezpanaion 
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Fig. 30. 



valve, CD — C E = E D, is equal to the chord, C L, of the arc of this last 
circle intercepted by the crank arm. Therefore, the circle C Q may be 
regarded as a resultant distance circle giving the position of the expan- 
sion valve upon the back of the main valve, without regard to the motion 
of the latter. If there be no lap on the expansion valve, we find it central 
with the main valve at C F, which is at right angles to A B; and we have 
already seen that with positive lap the cut-off takes place before CF, while 
with negative lap it takes place after C F has been passed. Thus we see 
tbat by cutting from the edge of the expansion valve, or by increasing the 
negative lap, we can delay the cut-off till C G is reached, at which point 
the expansion valve just closes the port in main valve for an instant only, 
and the steam continues to pass into cylinder until main valve closes. In 
order that the expansion valve may not open again before the main valve 
closes, it must close the port in the main valve at C B, or at half stroke in 
tlie case before us; that is, the distance of the edge of the expansion valve 
from the far edge of the port in main valve, when both are in mid position, 
must not exceed C B = C A\ This distance evidently depends for its 
value upon the lap of the expansion valve. 

If the cut-off is variable, its maximum limit should not be beyond the 
point of cut-off of the main valve; if it is coincident with that of the 
main valve, it is evident that the diameter, C G, coincides with the posi- 
tion of crank arm when the main valve closes, and equals the distance of 
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the edge of expansion valve from far edge of port as before stated. We 
have thus a limit which we did not meet with in our former case. The 
remedy is to increase the throw of the expansion eccentric, thereby ren- 
dering the angle CAB more acute, or else, of course, to move the expan- 
sion eccentric nearer the main eccentric. 

By proper use of the distance circles and resultant circle all problems 
on the Meyer valve gear may be readily solved. 

NOTK.— FlRures 31, 3*2 and :)3 work ftom the left insteftd of right, as heretofore. 
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Fia. 31. 

We will illustrate by a few examples: 

Given, the lap and lead of the main valve, and the travel of both valves: 
to find lap of the expamsion valve for a given cut-off. 

First, in Fig. 31, from r sot off horizontally C 1) the lap and 1) E the 
lead of the main valve, and with r F the half travel and E Fvk vertical line, 
construct the right angle triangle C E F. On C F as a diameter draw the 
main valve distance circle, and the lap arc 1) IC defines the crank position 
C K when the main valve cIosch. Set oft C Q the half travel of the expan- 
sion valve with the eccentric opposite the crank, and join Q F, On V H, 
eciual and parallel to (/ F, draw the resultant distance circle; and where it 
meets (J /, the position given for the crank at cut-off, gives CI), the 
negative lap of the expansion valve, which we carry round to J in order 
to see that by the time the expansion valve again uncovers the port of the 
main valve at C J, the main valve has already closed the cylinder port 
at C K. 
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Givefiif the lap, lead and travel of the main valve, and the travel of an 
expansion valve having no lap; to find position of expansion eccentric to 
produce a given cut-off. ^ 

Find in Fig. 32 the distance circle and closure of the main valve, as 
before, and let (7 1 be the crank for given cut-off. With I, where this inter- 
sects the distance circle, as a centre, and with C as the centre, swing radii 
C A and / A, each equal to \ the travel of the expansion valve, defining by 
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their intersection at A, the centre of the distance circle for the expansion 
valve passing through I and C. The position of the expansion eccentric 
is 180^— angle EC A ahead of the crank, or distant from the main eccentric 
by the angle F C A, If the point A falls above C M drawn at right angles 
to C K, the slide will not open the port until after the main valve has 
closed. But if A falls to the left of C J/, a new eccentric must be taken. 

Cfiven, the same data, viz.: lap, lead and travel of main valve, and lap 
and tra/vel of expansion valve; to find position for expansion eccentric to 
produce a given cut-off. 

In Fig. 33, draw C ^and C ii as before, and on C 7, the given position 
of crank at cut-off, set off C A, the negative lap of the expansion valve. 
From A draw A J at right angles to C A, and, with the half travel of the 
expansion valve, define from Eon A J the point L. C M, equal and par- 
allel to Ir >^ is the position sought for the expansion eccentric arm. 
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Other problems irill readily be Bolyed if there be snlHcieiit datA, but 
we think we have given the most impartHnt, and enougb to show the flei- 
ibilit; and power of the metliod. 

When 8iioh Tolvee as described are used, the eugiue ia Naid to have an 
expansion valve. When the cut-off van be changed while running or when 
stiil, tho engine is said to have Twiftbla expansion. When the cnt-oS is 
obanged by the action of the engine itHelt. owing to cliuuge of speed, it is 
called automatic expansion. 
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When the o^rlinder is so long that a single slide becomes inconvenient. 
two e*han!>t porta are uacti, and the valve is divided intfl two portions, one 
for each end of the cylinder. Care mnst here be taken that the exhauai 
port is not open to the steam by the valve having too much travel. 

8onietimes a piston valve is used, whicli consists of two pistons on the 
valvL' stem, either urruuged to give steam spaoe between the pistons and 
the exhunst connections at tho end spaces, or through the hollow piston; 
or with the exhanst port between the pistons and tho steam apace at the 
ends. Examples of these arrangementi are given ou page 55. Tbe 
grepkicul method heretofore nsed will answer for all these varieties. 

In large engines and in many paddlo-wheel steamers four valves are 
used, generally "Equilibrium iioppets." or tlie older "Cornish uquilibrinm;' 
these were introduced at a very early periml in tho history of the Bte-om 
engine. The single unbalanced poppet is still nsed in small englue.i on 
the Mississippi, aud a very common arrangement is h "relief valve," or a 
small poppet ou tho top of a large one. the small one being lifted first and 
Its continued movement raising tbe large one. By the UJie of moveable 
seats and poppets eet on tbe valve stem the "balance" may be carried to 
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an; desired extent. The ordi- 
nary lonus. as ulso tbe Comlsh, 
require one end of tbe vidve to 
pass through the aeat for the 
other end. thus limiting the 
degree of closeness of the 
agreement of areas or the "bal- 

The stems of tlieHe puppets 
are usually moved bj- lovers, 
worked by cams on one or more 
auxlUiarj rock shafts placed 
near the cylinder. The valves 
are always moved vertically. 
The movement of the rook 
shafts is usually effected liy an 
eccentric on tbe main shaft. 
On tbe Missisaippi river, in- 
stead of an eccentric, a cam is 
used. One cam is used for full 
stroke In either direction, and 
the reversing iH done by hook- 
ing to either one of a jiair of 
arms on a roclt shaft; a second 
cam is used for cutting off for 
the steam valves wben running 
ahead only, the exhaust being 
moved by the full stroke cam. 
The forma of the cams are snch 
as to give very rapid move- 
ments of opening and cloHtng, 
aawill lie neeu from the indi- 
eator disgntmB token from the 
steamer Phil. Cliappel. shown 
in Chapter IV. The shape of 
cams and arrauKemcnt of vslve 
gear is shown in the drawings 
of the engines of the steamer 
"Montuua," as applied to the 
Mississippi boats, and also their 
application to Engine No. 1, 
Iligh Service, St. Louis Water- 
works, which is an example of 
tbe applicati<)n usual near Sew 
York, and on the Xorth Biver 
class of boats. :""" 

WIk'u poppet ivaJvus [are 
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used with a drop ent-ofl. there is a Bhock which couaes rapid wear on the 
valve and seat unless a dash pot ia used to prevent it. At a speed ot more 
than 30 revolDtiona per minute, poppet valves do not appear to give 
entire aatisfaotlon, bnt with a small number of revolutionH they work welt. 
We have seen them used up to TO revolutions, but have generally touod 
upon enquiry that very fruquent grinding was required. 




Fig. 35. DooBtE Vai,ve. 



From the Tariationa in steam iiressure and worK on stationary engines 
there neoessarlly resulted variationii in spei;d. which for many reasons is 
esoeedisgly undesirable, aud we dud that Watt very sooii produced his 
centrifugal governor, applied to thu throttle valve in thi? well known man- 
ner. Under various forms this arrangement is still the roost commou one, 
and for small variations of speed it is perhaps as good as anything yei 
devised. 

For large variations in spee<I it was found tliat with light loads the 
engine was so throttled that tht' initial presHiire in the cylinder waa ranch 
below the bcil'T ]iresiiiri\ loid a manifest waste of steam resulted, the 
steam not 1 [ 1 In tli mi mil if imrUnhuh might be obt-amed thero- 
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with fotir valves and a 'drop 
out off regulated by the 
governor wm introductd liy 
Air Geo H Corliss 

The eugine introduced 
by Mr Corliss iras in many 
respects a ^erj great ini- 
pro%emeut The \al%ea were 
placed (Ice to the cylinder 
and were rotary instead of 
sliding The clearance epaoe 
was very mnch reduced and 
the engiaes became very auccesBful. The drop cut-o(T resulated by the 
governor kept the Initial pressure nf steam in tlie cylinder well up to the 
boiler pressure, and changes of speed were followed so cloKCly by chsngeu 
of cut-off, that in engines well iiroportioned to the work an economy 
never before attained was reached. 

In the United States the term Corliss is applied only to engines with 
the rotative Corliss valve, but in Europe it haa been used for any engine 
with cut-oS regulated by the governor, as this wss llrst successfully 
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applied by Hr. Corliss. A host ol imitators soon toUowed, each with a 
'variation in tbe "let-oflF" gear, and vlth slide and poppet valvee moved 
1>7 one or two eocentrics. Since tlie expiration of tlie Corliss patents a 
«Top of designs has come lorward, all distlngnished by tbe appendix 
'Corliss.'* 01 tbesB we shall illnstrate one bnOt by Messrs. E. P. Allis & 
Co., ol Milwaukee, Wis., Irom tbe designs of tbeir manager, Mr. Edwin F. 
IBeynolds, and placed In the St. Louis Cotton Mill. 
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A modlflcation ol the Corliss engine is manoTaotured by Mr. Jerome 
Wheeloek, of Worcester, Mass., in which, with only two porta and two 
muiu valves, the Hteam admiBsion ie closed by two other valTes odjaceDt to 
the main ynlvBa and worked Irom them by clutch liukH; M lour valves are 
of the Corliss type. As buUt, the only objection to those engines is the 
difficulty of arranging the cUBhion to the varied requirementa of praotice. 

The production ol an engine with cut off reguluted by tbe governor. 
bat without the Ict-olT, or drop gear, which, by the way, is not adapted tu 
liigber speeds than 120 revolntious, has been aeuured In the Buckeye and 
the Porter-AUeu engines. In the former, two porta, a balanced slide valve 
and an eipauaion slide are used, the cut. off being changed by the gover- 
nor, and that by turning the eipanBion eccentric round the shaft by tbu 
centrifugal force of two weightH held back by springs in a manner easily 
undcrstond from the drawings. In the Porter-.\llen engine there are four 
ports and the st«am valves are balanced elides moved by an expansion 
link, alread.v explained, and the exhaust is moved from the end o( the 
same link. We shall give illustrations of these in Chapter IV which will 
more fully explain their principles. 

In large engines using slide valves the ports ore often made double. 
tlie valves having passages cast in them connecting the steam and exhaust 
ports. This in no way afiects the valve diagram constructions already 
given. 

When the cylinders are over 12 inches in diameter it is well to connect 
the metal across the ports by bridges, so that the heads shall not be ren- 
dered weak, or tbo pull on the bolts concentrated on those next the ends 
of the ports. 

In some excellent examples of engines with four portij. gridiron slides 
are used, working transversely to the cylinders. These slides are moved 
usually by cams on a "lay shaft," and the uut-ofl is changed by shifting 
the cams along the shaft, bringing different portions ol the cam face with 
different angular forces into action. A good example ot this is fonnd in 
the 'Howard" engine. By this means a very sharp opening and closing 
can be given the valves, but in small engines a lurgcr clearance is required 
than is desirable. Each valve can be adjui^led by itself, which is a de- 
sirable feature. 

Valve gear of this class has been employed with great succeas by Mr, 
E. D. Leavitt, Jr.. in his aelebrated pumping engines. 



CHAPTER III. 
THE QUANTITY OF STEAM WHICH MIGHT BE AND WHICH IS USED. 

Although we have no such engines as that which was described in the 
preceding chapter, it is desirable to assume, for the purposes of computa- 
tion, and in order to obtain a view of complex operations in detail, that we 
nse the steam in a non-conducting vessel whose volume can be varied: in 
other words, in a cylinder constructed of material which cannot conduct 
heat. But we must be very careful to remember that no such engine at 
present exists, and that we shall have to adapt the deductions made from 
such a case to real engines. Serious disappointment and useless expense 
have resulted from ignoring this fact in designing eugines, and much dis- 
cussion on the subject has arisen. 

In the case of engines using steam non- expansively, or without "cut- 
ting- off,** we should have very little trouble in computing the work done 
by a pound weight of steam, or the number of pounds of steam used to 
obtain a horse-power of work in the cylinder, as we shall very easily see. 

We know that the equivalent of a unit of heat is 772 foot-pounds of 
i^ork, and that 33,000 foot-pounds of work per minute is the standard 
horse-power: 

33,000 ^^75 
Hence, ^^^ = 42^^,^, = 

tlie number of heat units per minute which have to be expended to 

obtain a horse-power, provided, we had any means of transforming heat 

into work without waste. And 

75 
^^100 ^ ^ = 2,565 heat units, the equivalent of a horse-power per 

liour. 

In a full stroke engine with non-conducting cylinder, and without 
other losses, we should only have to divide 2,565 by the number of heat- 
units given in the Table of the "Properties of Saturated Steam," Chapter 
I, as heat expended in doing external work, or external heat, for one 
pound weight of steam at the boiler pressure, to obtain the number of 
pounds of water which must be boiled per horn* to furnish, or to exert, one 
horse -power per hour for the work of the steam in the cylinder. 

There are many reasons why the amount of steam used per hour, and 
per horse-power, should vary from this: 

1. The steam passages may be too small to maintain the steam supply 
at the boiler pressure. 

2. The boiler may be so small in steam room that the pressure in- 
both boiler and cylinder may fall during the stroke. 
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3. The clearance, or waste space, In the cylinder will be filled 
steam at boiler pressure before the piston starts, which will be discbari 
at exhaust without having performed soy work. 

i. The fact that the cylinder and piston receive heat when the ste-- 
comes in and give it out while the steam goes out. More will be said 
this point later. 

The power exerted by the steam in the cylinder is subjected to t 
following lurtber losses before it can be utilized: 

1. The vapor, or steam, on the ezha,ust side of the piston has to 
pushed out of the cylinder by the advancing platon against the ba> 
presttare. 

•I. Mechantoal work is absorbed in friction by the piston slides az 
oonneettons ol noQ-rotatlve eDgines, and by the main bearings of rotatl- 
engines. 

These several points give rise to the measurement ol horse-power i 
three ways: 

1. The number ot horse-power realty exerted by the steaui— colli 
in English the total, and In French the absolute, horse-power. ; 

2. The number of horse-power exerted by the steam after deductin "*j 
that expended in sweeping out the exhaust. This is given by the orcUnar.^^r"'"^ 
indicator measurement, end is called the Indicated Horse Power; it i.-^^*_J 
what Is usually nnderstood by the phrase Horse. power, without qaaliQoa "^| 
tion, in the United States. __\ 

3. The power which may be taken from the shaft by a dyoamonmtet 

or by a belt, which represent!! tlie power ot tlie engine to do usotui worki:^ 
outside of itself. This is called the Net, or Effective Horse Power. 

As these three quantities are for any given measurement produced bj^A 
the same amount of water boiled, we find that, dividing the qnautity o^ff 
water used per hour by the number ot horse-power, we have also thre^^ 

quotients, viz.: The number of pounds used per hour for Total, for ladi 

cated, and for Ket Horse Power. These may be oousldered as the 'stu- 

dent's," the "ordinaiy," and the "commercial" standards of measurement. — 
Engineers are obliged to retain all three of these quantities, lor: In uiy- — ' 
given engine with given speed and cireumstances, the work expended oiK' 
the exhaust and friction is nearly constant, and hence, the greater ttaee^ 
power of the steam use<l the less is t!ie percentage of that uaeleesly 
exi>ended. 

In Illustration of the process, referred to. we give Ihfc? tollowinp' 
examples: 

KxampU I. What is the miuimimi steum consumption per hoar for' 
an engine using steam at full stroke, at 2u lbs. pressnre above the almiw- 
phcre, with a vacuum of 12 poundM, and indicating 200 horse-power fur a. 
Dou- conducting cylinder? Clearance 8 per cent. 

Steam pressure = 25 + 15 = 111 lbs. above zero. 
Back pressure = 15 — 1:1 = 3 lbs above zero. 

Pressure expended in obtaining the indicated horse-power Is: 
40 - a = 25 + 12 = 37 lbs. 
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'^Tom the Table of "Properties of Steam** we find that the external work 

0^ 1 pound weight of steam at 25 lbs. pressure is equal to 77 heat units, 

*^<i 'We should have to use to obtain a Total Horse-power, 2,565, the 

equivalent of heat units for a horse-power per hour, divided by 77 as 

above, which would gfive the number of pounds of water per hour, — 

oefirlecting clearance. 

r^ 2565 40 

To obtain the indicated horse-power: we have ^.^ x ^.^ = pounds 

per liour. 

If the friction of the engine absorbs as usual 2 lbs. pressure, we shall 

w^^ 2565 40 ,^ , ^ 

***ve --_- X gg = lbs. of water per net horse -power per hour. 

^ 40 

The number of Total Horse -power is 200 x ^„ . 

37 
The number of Net Horse-power is 200 x g_ . 

The water used per hour neglecting clearance is: 



'^^^ including clearance 



2665 40 
77 ^ 37 ^ 200; 



2565 40 
77 ^ 37 ^ 200 X 1.08. 



Working out these figures, we shall have: 
Water per Total Horse-power per hour = 33.3. 
Water per Indicated Horse-power per hour = 36.0. 
Water per Net Horse-power per hour = 38.0. 
Water per hour = 200 x 1.08 x 36 = 7,720 pounds. 
When the cylinder is not non-conducting a much larger quantity of 
"^•^^er will be consumed. 

Example IL The following figures illustrate about as bad a case in 
''^^tiial practice, as ever came within the author*M experience: 
Steam pressure 60 lbs. above atmosphere. 
Back - 45 - • 
Steam pressure 75 lbs. above zero. 
Back • 60 " - 
Acting pressure on piston 75 — 60 = 15 Ibn. 
External heat for 60 lbs. = 79 heat units. 

2565 
Water per Total Horse-power «q = 32.4 lbs. 

2565 75 
Water per Indicated Horse-power ^y ^ 15 ~ ^^^'^ ^^'** 
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Example III.— 

Bteam pressure 2n5 lbs. above utmoBphere. 

Back " 2 ■■ " 

Steam " 33(1 " above zero. 

Back - 17 - " 

Acting ' 183 " on piston. 

External irork for 3()S Iba. = 85 heat nuits. 

Water per hour (or Total Horse-power gc = 3<''3- 



for Iudi<jated 



2365 



Wl' Hee from examples I and ITI tliat, although lu tile intrinsic work 



of the steam there it 
in full stroke engines. 



. much gained by the use of high pressure steam 



33.3 



30.3 



„perc 



s may be practically more 
; for HHpposing, as we did. 



yet that high presanro non-condensiug eugini 
economical than low preasuru condensing ouei 
that 3 pounds movud the engine only, wo have: 
38.0 — 33.3 C 

38,0 =12j„ per cent.. 

as the praetical gain In the coat of a Net horse-power: and there are 6 
further ndvautoges that the loss by the use of a conducting cylinder Is 
less, and the machinery is fur less bulky and comptei. 

This is a very fair comparison of the early steamboat engines when 
working full stroke, as used on the Atlantic ocean and the Mississippi 
river. The une of nteam at a very high pressure, not only requiring 
cheaper machinery and of less weight, but actually using less steam to do 
the work, when worked at or near full stroke. 

The process of computing the amount of steam used l)y expanding 
engines with non-conducting cylinders is much less eiujy to explain, al- 
though the work of computation is but little more difficult. 

In order to study the action of expanding gases it is convenient to 
represent the volume and pressure for auy given state and iiuaotity by 
distances sot off at right angles to each other, on convenient scales. Thus, 
by the distance of a point above u tine we measure the pressure, and by 
the distance of a point to the right of a line, we measure the volume, 
a different state of volume uud pressure we have a different point; for 
states of volume and pressure, differing little, we have points near to- 
gether, and for changing states of voliuce and pressure we have a moving 
point, which may be considered to trace a line. When a series of obangea 
brings the gas back to its original state, thi- line traced will return Into 
itself. 

The product of u force into a distance through which it moves is 
known as energy exerted, and it is equal to the product ol the resi8tuio« 
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by the distance through which it is moved; or, what is known as the work 
done; and, as in an engine cylinder, the moving force on the piston is the 
pressare times the area of the piston, and, as for a small movement the 
pressure remains nearly the same, the energy expended is the product of 
the mean pressure, by the piston area, by the distance moved; or the 
pressure times the change in volume as the product of the piston area by 
the distance moved by the piston is the change in volume occupied. The 
nnmber of cylinders in which such changes of volume take place is 
immaterial, as the total energy expended must be the sum of the ener- 
gies expended in all such cylinders; hence, the statement, that the 
^ergy expended is the product of the mean pressure by the change in 
volume. Hence, also, the diagram, just explained, furnishes the data 
for finding the energy expended, as the latter must be represented by 
the area between the horizontal line of ''no pressure," the two verti- 
cals at the end of the change of volume, and the line traced by the moving 
point. 

In any series of changes in which the original state of volume and 
pressure is again reached, the energy effectively exerted is, of course, the 
difference between that expended on the piston and that exerted by the 
piston; or, that which is represented by the enclosed figure. 

The first thing to be determined is the curve of expansion, or the 
curre which would be drawn by an indicator attached to such an expand - 
uig engine with a non-conductibg cylinder; but as no such cylinders ex- 
ist, we have to approximate the curve from the table of the "Properties of 
Steam." 

II we set out with the volume of one pound weight of steam at a given 
pressure, and then assume it to expand by any defined law until its pres- 
siin has been lowered to a given amount, we can compute the external 
work done in changing the volume; then taking this heat from the total 
internal heat contained in the steam, if we find that the change in inter- 
im heat is less than that required to do the external work, as by assump- 
tion we find it in a non-conducting cylinder, some of the heat must be 
supplied by the condensation of the steam itself, and that, therefore, the 
▼olume must be reduced, and with it the external work, and, of course, 
^the heat required to do this external work. By a Uttle care in ap- 
proximating, we shall arrive at such a condensation that the change in in- 
^^fOftl heat added to the heat given by condensation will just balance the 
^^t absorbed by the external work of expansion. Thus, a point on the 
expansion curve for the indicator diagram of steam expanding in a non- 
conducting cylinder is obtained. 

The assumed law of expansion may be anything, but perhaps the best 
for the purpose is that given by the volumes and pressures of saturated 
st^un, or, what is known as the "steam line." A common assumption is 
that, the product of the pressures and volumes is constant, though there 
is no basis for such an assumption. 

The computation of the work done by the expansion can be perform - 
ed in various ways, but for our purposes we shall plot the steam line and 
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compare the area of the diagrams by ao j of the methods or instnim< 
used for measuring indicator cards. 




• 1 



8 lU 

numbbb of bzpansions. 
Fig. 39. 



«» 



Such a steam line or expansion curve for dry steam having been drawn, 
see Fig. 39, and the areas measured: first, of the rectangle oah\ and next, 
for the area under the curve, we find the quotient of the area under the 
curve divided by the rectangle area for different expansions to be as fol- 
lows: 





r 


Area nnder 
curve. 


Area ander 
ourva. 

Beetangla. 








u 


2 


1 5c 2 
Ihd z 
1 5 e 4 
15/6 
150 8 
1 5 ^ 10 
1 5 i 20 


0.68 


3 


1.12 


4 


1.33 


fi 


1.63 


8 


1.97 





3.14 





2.73 







Now, assuming 85 pounds as an average steam pressure, or, 15 + 85 = 
100 pounds above zero, we have for the external work of evaporation, 81 
units, and for the total internal work 1,100 units. Now, taking the reot- 
augle o a 6 1 in the figure as representing the work of 81 units, it is dear 
that the work of expansion, in units of heat, wiU be obtained by multiply- 
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ing the 81 anits by the number given in the quotients above, which will 
give Talues as follows: 





r 




Heat nnits in 
work of ex- 
pansion. 


1 









•J 






65 


3 






91 


4 






108 


5 






134 


8 






16(» 


10 






... 173 


at 






Ml 





The terminal pressures are found by division and subtraction : 

85 + 15 

r 



— 15. 



The corresponding internal heats for dry steam are given in the fol- 
lowing table: 



1 

2 
3 
4 
5 

10 

aw 



Terminal 
pressure. 



85 

83 

16 

8 

3 

4 

6 

11 



Internal 
heat. 



1,100 
1,090 
1,083 
1,079 
1,()79 
1,071 
1,069 
1,060 



Heat units in 

work of 

expansion. 





65 
91 
108 
124 
160 
173 
221 



I Heat units left af- 
ter deducting work 
of expansion from 

! 1.100 units. 

1,100 
1,046 
1,009 

992 

976 

940 

927 

879 



Kow the internal heat at the end of expansion is less than that given 
'or dry steam at the same pressure; therefore, a part of the heat for expan- 
sion mnst have been furnished by the condensation of a portion of the 
^^^. But such condensation reduces the work of expansion itself and 
hence the condensation supplies heat again and so on. The correct values 
'Of the cnrve in a non-conducting cylinder are approximated as follows: 



Heat in dry 
steam. 



1,10(> 
1,<J89 
1,084 
1,080 
l,i)79 
1,071 
1,069 
1,060 



Heat at end of 
expansioiL 



Excess re- 
quired from 
i condensation. 



1,10<» 
1,045 
1,(N>9 
992 
976 
940 
927 
879 




44 

76 
88 
103 
131 
142 
181 



Change in 
Units. 



1) 

2 

7 

9 

12 

20 

23 

38 



Change in 
Excess. 



42 

72 

79 

91 

111 

119 

143 
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Bat these values are tiow Id error, for the one is lUBamed od 
ol more external work than hus been done, and tho other on 1 
tme valne lies between them, and the assntaption that the t 
divides the diEferenue in the proportion of the vulnea found g 
close approilmatlon. 



In units. Per oi 



From the curve already drawn tor Dry Bteam, we draw ibe new carve 
by olMDglng the pointa tor volume, rednciDg it by dednoting the per- 
centage Tor condensation. The points bo found are marked on Y\g. 39, 
with the same letter acc^entuated. A compariaon of the areas under 
the new cnr^-e, between the name volumes, will give the last coloinQ of 
tlgures. 

A similar curve drawn for steam at 25 poundH pressure, doea not differ 
in the aecond pUee of decimals, and lor Hteom at 1S5 poonds it only differs 
by I in the second decimals for ten expansloua. The approximation mode 
is within one heat unit and we may therefore use these results hereafter 
with contidence, remembering that wo must obtain the last coliunn for 
corresponding values of r for volumes not pressures. 

TLe curve of expansion ol steam in a non conduoling eyliuder hu 
been colled by Prof. Rankinc, an 'Adiabalfc" curve, and by Prof. Clanains 
an "Isentropic" curve, and these terms may be met with in all works on 
steam, frequently adding to the difficulties of the student. They will, 
therefore, not be used, nor referred to, again in this work. 

The amount of eteam required to do the work In anon-conducting 
cylinder is found by dividing the amount per total horse power per hour 
for a non-expanding cylinder by 1, plus the ratio given in the last column 
Of the preceding table, or, the ratio of the total work done compared with 
that done at boiler pressure. 

From a large diagram constructed by the process described we have 
tabulated the following values: 
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I*IiOl>EBTIB8 OF THB CURVE OF BXPANSION IN A NON-CONDUCTINO 

CYLINDER. 



No. of 



ipansions. 



1.1 

1.2 
l.S 
1.4 
1.5 
1.6 
1.8 

a.«) 

2.5 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

».0 

10.0 

11.0 

12.0 

13.0 

14.0 

16.0 

!».0 

35.0 

UO.O 



Ratio of Total Area to 
Area of Rectanfcle. 



1.090 
1.180 
1.261 
1.333 
1.396 
1.469 
1.576 
1.666 
1.873 
2.036 
2.278 
2.476 
2.629 
2.746 
2.864 
2.963 
3.034 
3.1U6 
3.169 
3.232 
3.286 
3.886 
3.647 
3.709 
3.836 



Ratio of Mean Total Ratio of Total Ter- 
to Initial Total Pres- minal to Initial 
snre. Pressure. 



0.991 


0.90 


.98:^ ; 


.82 


.970 


.76 


.952 


.69 


.931 


.64 


.912 


.69 


.866 


.62 


.83.S 


.46 


.749 


.36 


.678 


.30 


.568 


.21 


.495 


.17 


.436 


.14 


.393 


.12 


.367 


.10 


.328 


.087 


.303 


.077 


.282 , 


.070 


.264 


.063 


.248 


.068 


.236 


.063 


.211 


.046 


,177 


.036 


.148 


.028 


.128 


.023 



¥^m the preceding table, and the table of external work of steam, 
^ ^ following table i» computed. The first line, or steam used for one 
^^Paiision, or full stroke, is obtained, as already explained, by dividing 
*^^» the number of units of heat for a horse-power per hour, by the 
i^^U&ber of units of heat for external work; and the other quantities by 
^^ding these numbers by the gain by expansion, or ratio of total area of 
^^BUro to area of rectangle. This has also been explained. From the ratio 
^t total mean pressure to initial pressure, the three next tables are com- 
^^ited, by assuming that a back pressure of 4 pounds per square inch 
^^Utsin the condensing, and 16 pounds, or 1.3 pounds above the atmos- 
Pbere, in the non- condensing engine. In each case the mean total pres- 
"^ is found and the back pressure deducted. The quantity of water per 
^Ul horse-power is then multiplied by the ratio of the mean total to the 
Qi6aQ indicated pressure, or the pressure left to act on the piston after 
deducting the back pressure, 4 or 16 pounds respectively; to obtain the 
consumption of water per indicated horse-power per hour in a non- 
conducting cylinder. 
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COST PER HOUR PER TOTAL HOBSE-POWER, IN POUNDS, IN DRY STEAM ^ 

WORKED IN NON-CONDUOTINO CYLINDERS. 



No. of 
Expan- 




BOIL.BB PRB8SUBB IN POUNDS PBB SQUABB INCH. 






- 








- 


— 


- 


1 


. 




sions. 


Atmos. 














' 









35.7 


20 
33.7 


40 
32.9 


60 


80 
32.1 


100 


120 


140 


18(1 
:x).5 


*M»i 


1 


32.6 


31.7 


31.3 


1 30.9 


'■^\ 


:.i 


32.7 


31.0 


30.9 


29.8 


29.4 


29.0 


28.7 


28.3 


28.0 




1.2 


30.2 


28.6 


27.9 


27.5 


27.2 


26.8 


26.5 


26.2 


26.9 


1.3 


: 27. C 


2«J.2 


25.5 


25.2 


24.8 


24.5 


24.2 


, 23.9 


23.7 


1.4 


26.1 


21 7 


24.1 


28.8 


23.5 


23.2 


22.9 


' 22.6 - 


22.4 


1.6 


24.9 


23.6 


23.0 


22.7 


22.4 


22.2 


21.9 


21.6 , 


21.4 


1.6 


24.4 


23.1 


22.5 


22.2 


22.0 


21.6 


21.4 


21.2 


20.9 




1.8 


22.9 


21.7 


22.1 


20.8 


20.6 


20.3 


20.1 


19.8 ' 


19.6 


2.0 


21.4 


2<».3 


19.7 


19.6 


19.2 


19.0 


18.8 


18.5 . 


18.3 


\ 16A 


2.5 


19.0 


18 


17.6 


17.3 


17.0 


16.9 


16.7 


16.6 , 


16.3 


3.0 


17. 6 


16.6 


16.2 


16.0 


16.8 


15.6 


15.4 


15.2 


15.0 


13.3 


4.0 


15.7 


14.9 


14.6 


14.3 


14.1 . 


13.9 


13.8 


13.6 


13.* 


\i:i 


6.0 


14.4 


13.6 


13.3 


13.1 


13.0 


12.8 


12.6 


12.5 


12. » 


US 

u.o 

10 6 


6.0 


13.6 


12.9 


12.5 


12.4 


12 2 


12.1 


11.9 


11.8 1 


11.6 


7.0 


13.0 


12.3 


11.9 


11.8 


11.7 


11.5 


11.4 


11.2 


11.1 


8.0 


12.5 


11.8 


115 i 


11.4 


11.2 


11.1 


11.0 


H».8 


10. T 


4w» V 

10.2 
10.0 
9.7 
9.5 
9.4 
9.2 
8.9 
R a 


9.0 


12.0 


11.4 


11.1 


11.0 


10.8 


10.7 


10.6 


10.4 


10.3 


10.0 


11.7 ' 


11.1 


10.8 


10.^ 


10.6 


10.4 


10.3 


10.2 


10.1 


11.0 


11.6 


10.9 


10.6 


10.4 


10.3 


10.2 


10.1 


10.0 


9.8 


12.0 


11.3 


10.7 


10.4 ! 


10.3 


10.1 


10.0 


9.9 


9.8 


9.6 


13.0 


11.1 


10.5 


10.2 : 


10.1 


9.9 


9.8 


9.7 


6 


9.5 


14.0 


10.8 


10.3 


10.0 


9.9 


9.8 


9.6 


9.5 


9.4 


9.3 


16.0 


10.5 


10.0 


9.7 


9.6 


9.5 


9.4 


9.3 


9.1 


*d.O 


90.0 


10.0 


9.5 


9.3 


9.2 


9.0 


8.9 


8.8 


8.7 


8.6 


H 1 


W.O 


9.6 


9.1 . 


8.9 


8.7 


8.6 


8.6 


8.4 


8.3 


8.2 


t 

7.9 


SO.O 


9.1 


8.8 . 

f 


8.6 


8.5 


8.4 


8 3 


8.2 


8.1 


8.0 
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CYLINDERS. 
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ISnnAL PBB8SUBB Abovb ATMOSPHBRB. 






Naof 




















_. — ^ 


Expan- 




















*^^ 


sions. 





2<> 


40 


6it 


80 


H«» 


I2i) 


110 


180 


^'^ 


1.1 


14.9 


34.7 


54.5 


74.3 


M.l 


114 


134 


164 


199 


238 


1.2 


14 7 


34.4 


54.1 


•3. 7 


S3.4 


lis 


133 


162 


192 


231 


!.:» 


14.5 


33.9 


53.4 


72.8 


92.1 


.112 


131 


15«i 


189 


228 


11 


14.2 


,i3.3 


52.4 


71.6 


90.5 


109 


1» 


148 


186 


224 


1.5 


14. o 


32.6 


51 2 


69.7 


88.4 


1«»7 


126 


144 


181 


219 


1.6 


13 7 


31 9 


5t».2 


C8.4 


86.6 


1«» 


123 


141 


178 


214 


1.8 


13. »» 


»».3 


47.6 


»4.9 


82.2 


99,5 


IIT 


1134 


169 


2(J8 


•i.O 


12.5 


29.2 


45.8 


63.9 


7V.1 


95.8 


HI 


i m 


• 162 


196 


2.5 


11.2 


26.2 


41.2 


56.2 


71.2 


86.2 


101 


116 


146 


176 


3.0 


\\\ 'I 


23.7 


37 3 


5*».9 


64.4 


78. '» 


91. 6 


lOS 


133 


169 


4.0 


8 5 


19.9 


31.2 


42 6 


54 


ft5 3 


W.7 


8d.O 


HI 


13S 


5.0 


7 4 


17 3 


27. 2 


37.1 


47. •» 


56-9 


66.3 


T3.T 


966 


116 


6 


6.6 


15.3 


24 o 


32.7 


41.5 


50.2 


58.9 


37.T 


85.1 


lOS 


T.O 


5.9 


l:*.T 


Jl 6 


*M 


.'«7.3 


46.2 


52.9 


eo.8 


, 76.6 


92.3 


8.0 


J.:« 


1.' 5 


19 


2«-' 7 


;w.9 


41. «» 


48.1 


55.3 


68.6 


83 8 


9.0 


4.9 


11.5 


IS.O 


24 6 


31,2 


37. • 


44.3 


60.9 


64.0 


77.1 


lo.o 


4.6 


1O.0 


10.7 


2-V8 


28, S 


34.9 


41.0 


47.0 


6».3 


71.8 


U.I' 


4 •-» 


I'M 


l.N.5 


21.2 


26. S 


32.5 


38.1 


4S.8 


66.0 


66.4 


12.0 


4 •> 


9.2 


14 5 


1*.>.S 


25.0 


»>.S 


35.6 


41.8 


51.0 


63.0 


13. o 


.< : 


8.7 


\S 6 


IS 6 


2c« 7 


29,2 


33.5 


38.4 


48.4 


18.3 


14 n 


».,"v 


S.'J 


l.V;» 


17 6 


-».» .» 


27 


31.7 


36.4 


45.8 


56.3 


W.'» 


»».-' 


: 4 


\\ < 


1> ^ 


2*' 1 


24 3 


28 6 


32.8 


41.3 


49.7 


'>•.«' 


2 : 


«>.2 


l» > 


1c» 1 


16 8 


2»» 4 


23.9 


57.5 


, 34.6 


41.7 


•*^.»» 




5 '.' 


S ■» 


11 I 


U 1 


IM 


*» 


33.0 


189 


34.9 


*'.«• 


I ti 


4.5 


: •■ 


'.• 6 


r.v I 


14 7 


17 3 


19.8 


1 31.9 


ao.o 
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^AK EFFECTIVE PBES8URE IN CONDENSING ENGINES, NON-CONDUCTINO 

CYLINDEBS. 





Initial Pbbssube Above Atmosphbbb, in Pounds 


PKR Squabb Inch. 


No. of 






















Kxptn- 






















llODfl. 

1 



10.9 


20 
30.7 


40 


60 


80 


UN) 


120 
130 


140 


180 
189 


220 


1.1 


60.5 


70.8 


90.1 


' 110 


150 


229 


12 


10.7 


30.4 


50.1 


69.7 


89.4 


109 


129 


148 


188 


227 


1.3 


10.6 


29.9 


49.4 


68.8 


88.1 


108 


127 


146 


185 


224 


1.4 


10.2 


29.3 


48.4 


67.6 


86.5 


> 105 


125 


144 


182 


220 


1.5 


lu.u 


28.6 


47.2 


66.7 


84.4 


103 


122 


140 


177 


216 


1.6 


9.7 


27.9 


46.2 


64.4 


82.6 


101 


119 


137 


174 


210 


18 


9.0 


26 3 


43.6 


60.9 


78.2 


95.5 


113 


130 


165 


199 


'2.0 


8.5 


25.2 


41.8 


59.9 


75.1 


91.8 


1«»8 


122 


158 


192 


25 


7.2 


2t>.2 


37.2 


52.2 


67.2 


1 82.2 


97 


112 


142 


172 


3.0 1 


62 


19.7 


33.3 


46.9 


60.4 


1 74.0 


87.6 


101 


128 


155 


4.0 


4.5 


15.9 


27.2 


38.6 


54>.0 


1 61.3 


72.7 


84.0 


107 


129 


5.0 


3.4 


13.3 


23.2 


33.1 


43.0 


1 62.9 


62.8 


72.7 


92.5 


112 


6.0 


2.6 


11.3 


20.0 


28.7 


1 37.6 


46 2 


54.9 


63.7 


81.1 


99 


7.0 


1.9 


9.7 


17.6 


26.1 


33.3 


42.2 


48.9 


56.8 


72 5 


88.2 


8.0 


1.3 


8.5 


15.6 


22.7 


29.9 


37.0 


44.1 


51.3 


65.5 


79.8 


9.0 


U.9 


7.5 


14.0 


20.6 


27.2 


33.7 


40.3 


46.9 


64.0 


73.1 


lo.o 


0.6 


6.6 


12.7 


18.8 


24.8 


30.9 


37.0 


43.0 


55.2 


67.3 


11.0 


».2 


61 


11.5 


17.2 


22.8 


28.6 


34.1 


39.8 


51.0 


62.4 


12.0 





5.2 


10.5 


15.8 


21.0 


26.3 


31. 6 


37.8 


47.0 


58.0 


13.0 




4.7 


9.6 


14.6 


19.7 


25.2 


29.5 


34.4 


44.4 


64.3 


14.l» 




4.2 


8.9 


13.6 


18.3 


23. <» 


27.7 


32.4 


41.8 


51.2 


16.0 




3.4 


7.6 


11.9 


16.1 


20.3 


24.6 


28.8 


37.2 


45.7 


!|i» 




2.2 


5.8 


9.3 


12.8 


16.4 


19.9 


23.5 


:«>.6 


37.7 


25.0 




1.2 


4.2 


7.1 


HM 


13.1 


16.0 


19.0 


24.9 


30.9 


.*i.o 




<».5 


3.0 


5.6 


8.1 


. 10.7 


1 13.3 


15.8 


20.9 


26.0 



MEAN EFFECTIVE PRESSURE, IN POUNDS PER SQUARE INCH, IN NON- 
CONDENSING ENGINES, NON-CONDUCTING CYLINDERS. 



Initial Pbessube Above Atmosphsbe in Pounds pee Square Inch. 



No. of 




















Expan 


■ 










■ 






. 


Bions. 


U 2«) 
16.7 


40 
36.5 


60 
56,3 


HO 


100 


120 
116 


140 


180 
175 


220 


l.l 

1.2 

1.3 

1.4 . 

1.5 

1.6 

1.8 

2.0 

2.5 

•4.0 

4.0 

5.0 

6.0 


76.1 


96 


136 


215 


16.4 


36.1 


55.7 


75.4 


95 


115 


134 


174 


213 


15.9 


35.4 


54.8 


74.1 


94 


113 


vn 


171 


210 


15.3 


34.4 


53.6 


72.5 


91 


111 


130 


168 


206 


14.6 


.33.2 


51.7 


70.4 


89 


108 


126 


163 


201 


, 13.9 


32.2 


50.4 


68.6 


87 


105 


123 


160 


196 


12.3 


29.6 


46.9 


64.6 


81.5 


99 


116 


151 


! 185 


11.2 


27.8 


45.9 


61.1 


77.8 


94 


H»8 


144 


' 178 


8.2 


23.2 


38.2 


53.2 


68.2 


93 


98 


128 


158 


6.7 


. 19.3 


32.9 


46.4 


60.0 


73 6 


87 


114 


' 141 


1.9 


13.2 


24.6 


36.0 


47.3 


5«.7 


70.0 


93 


1 115 




1 9.2 


19.1 


29.0 


38.9 


48.8 


5B.7 


78.6 


1 98 




.1 6.0 
. 3.6 

.; 1.6 


14.7 
12.1 
8.7 
6.6 
4.8 
3.2 
1.8 
0.6 


23.6 

19.3 

15.9 

13.2 

10.8 

8 8 

7.0 

5.7 

4.3 

2.1 


32.2 

28.2 

23.0 

19.7 

16.9 

14.5 

12.3 

11.2 

9.0 

6.3 

2.4 


40.9 
34.9 
30.1 
26.3 
23.0 
20.1 
17.6 
15.5 
13.7 
10.6 
5.9 
2.0 


49.7 

42.8 

37.3 

32.9 

19.0 

25.8 

23.8 

20.4 

!8.4 

14. H 

9.5 

5.0 

1.8 


67.1 
58.6 
61.5 
46.0 
41.2 
27.0 
IW.o 
341.4 
27. H 
W.2 

I or, 

lo.'J 
C.9 


8A 


7 




' 74 2 


8.0 


. 


AS H 


».o 




59 1 


10.0 


*"•••• ••••• • 




53.3 


11 




, 


48 4 


12.11 






44 


13.0 






40 3 


14.0 




1 


1 37 2 


16.0 


i ■... 






i 31 7 


2»».0 








Xi 7 


25.0 


1 


•j 






16 9 


30.O 


1 ;: 




• • • • • ■ • 


• • • • • • • 




12.0 



In comparing tho accompBuying tables with the perlormanee of actna--^^ 
engines the buck presanre mny be found to vary from tlie i or 16 pountl^^^ 
per aqnare inch mentioned, so that the cDnHumptlon of water is onlj ' 
tabulated per total borae-power at present, anil tbe enntparisous made on 
this basis are not affected by the back pressure. 

In oomparini; experiments made upon the performauue of actual en- 
gines, the fact must not be forgotten that the value of the results depend 
on the data which have bt-en used and the skill of tlie experimenters; 
hence. It will differ. The most valuable data are those in which both the 
heat received and the heat rejeoted by the engine have been measured. 
These require meaHurements, preferably by weight, of tlie feed water fnr- I 
nlshed to the boiler, the pressure and temperature of evaporation, and 
the dryness of the steam near the engine; the work done in tbe cylinder, 
the quantity of injeetiou water and its rise in temperature; the difference 
between tbe heat delivered added to the work done by the engine; while i 
the beat received tarnit)hes an important check. To appreciate tbe valne 
of this check one should examine some of the flrst experiments in which 
this measurement woh attempted, and which may be toond in tbe Bulletin 
de Societe Induatrielle de Mulhouse for 1857; and tho record of Him's ex- 
periments show tbe difflcultiea he overcame. 

First, reliable experimental data ceo only be obtained from Stationary |' 
Oondeiising Engines, on account ol the impossibility of aeoBuring con- 
densing water: the dlfQculty of measuring the feed water precludes the 
use of marine engines for such a purpose. 

Next in point nf value arc experiments where tbe heat received and 
delivered are carefully ascertained, either by measurements of the feed and 
priming, or the water of condensation, and its rise in temperature. The 
latter is the easiest measurement to be taken, but, for the most reliable 
data is restricted to stationary condensing engines. Measurements of feed 
water and priming can be made in all classes of engines, with tbe excep- 
tion of large marine engines at sea, where the difficulty of getting at the i 
quantity of feed water has not yet been overcome, though it perhaps might ' 
be by the use of a water meter. 

Third lu point of value ore long- continued experiments made on en- 1 
gines in which the feed water only is noted, but in which tbe boilers areso i 
large that the priming may be neglected. Such arc most of the experi- 
ments made by the United States Naval anthorities. I' 

Next to the latter in point of scientific value, but first In practical in- 
terest, are the records of the performances of the large ocean steamsliips I 
as to fuel used and power developed In long voyages; and again, the records 
of the duty of pumping engines. In such records it is impossible to sep- 
arate the performances of engine and boiler, but the results are compre- 
hensive and of great value. 

Last in point of value are short experiments in which the fuel or the 
feed-water is measured, in some indirect manner, and the engine 'Indi- 
cated" only, es, of coar^ it must be, 
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We give, in the following table, some engine trials made by various 
authorities, classing them under the three first summaries of value given 
above, as A, B and C, This table might be greatly extended, but only by 
the adiz^ission of experiments which are either isolated, improbable, or 
deficient in the required data. 

A very casual examination of the table shows us that economy of 
steam is promoted by high pressure and high speed, while the cost in 
steam of a total horse-power is lessened by large expansion, and the cost 
of a net horse-power is least with moderate expansion. 

Another fact brought prominently to the front is that the actual use of 
steam is very far in excess of that given by our tables for a non- conduct- 
ing^ cylinder. This excess is due to several causes: 

1. To the Tise of wet steam. 

2. To the loss by clearance space. 

3. To external radiation and loss of heat. 

4. To internal radiation and the transfer of heat between the iron of 
the cylinder and its contained steam. 

For our purpose we shall not individually consider these four causes 
of loss, but we may take up our table of experimental data and compute 
from the tables already given the amount of steam that would be used by 
a non-conducting cylinder, working with steam of the same initial 
pressure and expansion. Deducting this quantity from the quantity 
actually used we will examine the excess to ascertain what law, if any, can 
be found to account for it. 
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SINGLE UN JACKETED OYLINDEBS. 



To continue our investigation, we may set forth our results, obtained 
Irona tl^e foregoing table, as follows: 

U. S. S. S. "MICHIGAN." 



^ steam nsed in Non- 

ote^Ain used per to- oonductinfr Cylin-' Excess per total Excess per hour 

^1 horse-power per der per tot'l horse- horse-power used. 

»onr. power per hour. per hour. 



1 

'I 
:j 
4 

.'> 
6 
7 



as -itf G 2,065 

30.9 2a. 3 7.6 1,709 

t».4 20.0 9.4 2,160 

yO.6 16.3 ] U.3 2,200 

29.8 15.4 I 14.4 2,071 

30.7 18.5 I 17.2 1,662 

32.0 11.7 I 20.3 1,782 



13,639 -=- 7 = 1,9.}4 pouuds, mean. 13,539 



The excess found clearly follows no law connected with the expansion, 
and We shall hereafter be justified in taking the mean value as that to bo 
followed. 



U. S. R. S. "DALLAS." 



Q steam used in Non- 

oteam used per to- oomlnoting Cylin- , Excess per total Excess per hour 

tal horse-iwwer per j der per tot'l horse- horse-power nsed. 

^oor. ' iwwer per hour. per hour. 



» 


23.0 


9 


23.3 


10 


23.1 


a 


24.8 


VI 


26.5 



13.2 9.8 1,562 

16.0 7.3 1,584 

16.2 O.U 1,778 

16.3 8 5 2,400 
19.5 7.0 1,936 

9,-259 -i- 5 = 1,862 pounds, mean. *' '^'^ 



U. S. R. S. "DEXTER." 

J* 21.7 13.6 8.1 1,6<M) 

" 21.9 14.7 7.2 1,810 

'^•^ 21.8 15.0 6.H 1,420 

J^' 21.6 16.4 5.2 1,710 

6,600 -r- 4 = 1,650 ])ound8, mean. <'..6o<» 

15.9 9.7 l,:j<;o 

18.0 7.9 l.4:w» 

19.7 K.,-, l,87o 

4,660 -^ 3 = l..'»5iJ pounds, mean. 4,6«»<i 



i: 


25.6 


le 


25.9 


ii» 


28.2 
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SINGLE I'NJACKETED CYLINDERS.— Cotl^iflUfrf. 
U. S. R. 8. "GALLATIN." 



Steam used in Non- 
Steam nsed per to-; condactinfr Cylin- 
j tal horse-power per der per tot'l horse- 
! hour. power per hour. 



13.8 
15.1 
17.2 



20 


19.2 


21 


19 4 


22 


21.2 


23 


19.8 


24 


20.5 


2fi 


21 5 


2G 


21.3 


27 


20.6 


28 


19. r. 


29 


21.5 


30 


22.4 


31 


23.0 


32 


21.3 


33 


21.8 


34 


2:1.4 



35 i 

36 > 

37 ) 



38, 
39 



17.1 



17.:>4 
18.61 



40 


36.4 


41 


29.2 


42 


31.1 


43 


32.1 


44 


30.3 



13.1 
14.3 
13.6 
11.3 
12.4 
13.1 
14.0 



12.. •) 
13.2 
14.9 
16.9 
18.7 



Excess per total 


Excess perlm 


horse-power 


nsed. 


per hour. 




5.4 


1,430 


4.3 


1,330 


4.0 


1,420 


oands, mean. 


4,180 


6.7 


2,120 


6.2 


1,900 


7.9 


2,410 


10.0 


2,170 


8.2 


2,200 


6.5 


2,030 


7.5 


2,360 


pounds, mean. 


15,280 


9.9 


1,450 


9.8 


1,440 


6.4 


1,310 


4.9 , 


1,310 


4.7 


1,340 



6,850 -r 5 = 1,370 |)ounds, mean. 
MILLERS' EXHIBITION AT CINCINNATI. 



11.5 



5.6 



HIRNS ENGINE. 



11.8 
14.4 



5.4 
4.2 



1,310 -^ 2 = 655 pounds, mean. ' 

This will be increased on account of the| 
French units used, and will equal 733i 
pounds, mean. 

U. S. S. "EUTAW." 

15.4 21. c» 

17.5 11.7 

21.5 9.6 

21.6 10.6 
23.0 7.5 



6.850 



1,058 



650 
660 

1.310 



3.520 
2,810 
3.760 
3,37<l 
3,210 



16,670 ^ 6 = 3,:W7 pounds, mean. 16,670 

HIGH SERVICE PUMPING ENGINE, NO. 1, ST. LOUIS WATER WORKS. 
1 15.3 4.3 4,120 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 



46 


2.. 7 


47 


29.0 


4K 


33.5 



14.4 
19.6 
24.0 



13.3 



545 -~\\= \wi pounds, mean. 



173 
175 
197 

545 



QVANTirV OF fiTEAM VSET), ETC. T7 



Xt will be observed that we have summed up the experiments, made 
tYiQ Millers' Exblbitlon, at Clnolnnati, on three different competing 
rlnes. These showed so little difference that the results of our investi- 
Lc^n on one may be taken to represent the three. 

^e haye also summed up the following data from the table: 

S. Steameb "Michigan." — Seven experiments: Cylinder 
36"" X 96''. Initial steam pressure, 20 lbs. above atmosphere. 
3aok pressure, say 5 lbs., equal to 10 lbs. below atmosphere, 
liean excess of water per hour over that required in a non- 
conducting cylinder - 1,934 lbs. 

S. Kevenue Steamer "DALiiAS."— Six experiments: Cylin- 
der 36" X 30". Initial steam pressure, say 30 lbs. above 
atmosphere. Mean back pressure, say 5 lbs. above zero. 
Mean excess of water per hour above that required by a 
non-conducting cylinder 1,852 lbs. 

R. Bevektje Steameb "Dexteb."— Four experiments: Cylin- 
der 26" X 30". Mean back pressure, say, 5 lbs. above zero. 
Initial steam pressure above atmosphere, 68 lbs. Excess of 
water per hour above that required by a non conducting 
cylinder 1,650 lbs. 

■:Kee experiments: Cylinder 26" x 30" Mean back pressure, 
say, 5 lbs. above zero. Initial steam pressure above atmos- 
phere, 40 lbs. Excess of water per hour above that required 
by a non-conducting cylinder 1,553 lbs. 

S. Revenue Steameb "GAiiLATiN."— Mean of seven experi- 
ments: Cylinder 34.1" x 30". Mean back pressure, say, 5 
lbs. above zero. Initial steam pressure 70 lbs. above atmos- 
phere. Excess of water per hour above that required by a 
non-conducting cylinder 2,183 lbs. 

^«in of five experiments: Cylinder 34.1" x 30". Mean back 
pressure, say, 5 lbs. above zero. Initial steam pressure 40 
lbs. above atmosphere. Excess of water per hour above 
that required by a non-conducting cylinder 1,370 lbs. 

^an of three experiments: Cylinder 34.1" x 30". Mean back 
pressure, 2 lbs. above atmosphere. Initial steam pressure, 
70 lbs. above atmosphere. Excess of water per hour above 
that required by a non-conducting cylinder 1,393 lbs. 

TiiiLeb's Exhibition at Cincinnati.— Mean of three engines: 
Cylinder 18" x 48". Initial steam pressure, above atmos- 
phere, 82 lbs. Mean back pressure, say 4 lbs. Excess of 
water per hour above that required by a non-conducting 
cylinder 1,058 lbs. 
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HiiiN'H Knoink.— Mean of two experiments: Cylinder 24^ x 
IW. Initial steam pressure above atmosphere 54 lbs. Mean 
back pressure, 2 ll)s. Excess of water, per hour, above that 
required by a non-conducting cylinder 733 1 

r. H. Ktkamkr "Etttaw."— Mean of five experiments: Cylinder 
TiH" X 105". Initial steam pressure, 25 lbs. above atmos- 
phere. Moan back pressure, 4 lbs. Excess of water, per 
hour, above that required by a non-conducting cylinder. . . 3,337 Wds^ 

MAKHAc^in'HKTTH Inhtitutb OP TEOHNOiiOOY. — Mean of three 
oxporimentH with Corliss engine: Cylinder 8" x 24". Initial 
Htfuni prttHMure, 50 lbs. above atmosphere. Excess of water 
ptn* liour above that required by a non-conducting cylinder. 182 lbs. 

\\\i\\\ SKIIVK'K rUMPINO ENtilNE, NO. 1, ST. LOUIS WATER 

WtmKM. One experiment: Cylinder 85" x 120". Initial 
Htfiuu prt^MMure, 40 ll>s. above atmosphere. Excess of water 
pt^r hour ubovo that required by a non-conducting cyl- 
indor 4,120 lbs. 

Of tho four iui\iH08 of oxi^ess in steam used over that required by a 
uou-iHuuluotiuK oylinder, which we have already mentioned, the first or 
that of Htt^m outeriug with water caused by foaming or priming, we shall 
ut^Uvt ))ort\ «ji, in simuo of our experiments, to- wit, the last two, this has 
iHHm oUmUiatiHU and in others can scarcely be very large. The third, or 
that ot t'xtorual radiation » is usually very small and can not exceed that of 
a Al«Him>ht>atini;r ^^^il of tho $amo area as the external surface of the cylin- 
\tor« 'Vho MH\^id i«» a Kv» which may. In determining the cost of a total 
h\xr«N^|H)Wt«r« W ixutsidortHt to vary with the volume of dearanoe space, 
t«ut v^ hioh mui^v^ trixui Ic«hi than 1 to 15 per cent, of the piston diaplace- 
mcut. aud i»« oil au aY\'iiii^\ aU^ut S |vr i*«nt. thereof. This, in a cylinder 
(\|U \4 »|«>aiu at the tcniiiual |>ONs»un\ i^ii not a great loss in itself, but 
there i» a Kv^ during tlic oxivuisiou al$^v In any cs^e it is not large com- 
|vair«it.i\cl> s i« nearly |^r\^|s>rti\\nal tv^ the waum^^^and. consequently, varies 
>Mth the \vi>u\i\ M^Hii Aud a |wwllla|^' i>l the stroke. 

The Kviir«h 9\mr\v wt Uvsot i;it by fiur the tar^vot. and is doe to an action 
tli^t u\e«itu>t\«Nt t\Y t^. K. CUrk lu his^ ''Kaitway Uadkinety,* in 1851, and 
ansMf>hai\tx cUNMratwt t\v M. v;. A. Hua. m ISj4 and ;i«aui in 1857. in the 
tUitU^iKU)^ dv U S>s u iv tudu»UxeUe %W MulhxH»^. and llMtein repented at 
t>>>^U\^it KUtvi^AN HI' ;o t^.o (v^^e(^^ul nUivv rh» action wns snbseqaently 
uv'l^st t\x \xhvi>ft\sst ut th>^ 9a(\\>tt4 \v<us»e v>:f h.v» *Ex|wtUMntnl Researches 
u^ SHN^iM Vi^\wvvir*v^. Aud i^ >•** resi»^vv^»va by Xr. G* E. Dizv^l, of 
t^wxivNXk. Aud x\^iv.«u\iuu>mU\( l\\ ^^wi K' iti^ SocMfy of JLrtftcf that citj. 

\ ^v ;¥tV'«u^V. iHdvAt^>iix n'^ t^^ «s*<ttN'tt v'i[ )^ uit«enal s«rtM<« of the cyl- 
•u^W^ v^s'^t Av >kxi^.% sNNu;A:'.s>.i 94*.*«k«iL. 9Efaay b^ 1^xf(i■lncd ns follows: 
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^^ o Ihe pressure, and leaves the oylinder at a lower temperature correspond- 
m. Tig to the lower pressure. The metal of the cylinder being a very good con- 
«3iictor of heat, receives heat ftom the incoming and delivers heat to the 
<=>iit£^oing steam at every revolution. In detail the action is thus: When 
^^he steam- valve opens there is admitted from the boiler hot steam which 
i^lrst fills the clearance space, coming in contact with the cool surfaces 
^■^^liich have just been open to the exhaust surfaces, and which are from 
HOO"^ to 200^ Fahr. lower in temperature than the incoming steam. The 
amount in weight of the steam is small and the amount in surface of 
^he enclosing metal being large, the result is naturally that the steam con- 
^lenses until heat enough has been given to the metal to raise its surface 
'^o the temperature of the steam. The piston moves and the condensation 
<3ontinues up to t^e cut-off. During the expansion, as the pressure falls, 
^he warmed surface begins to give out heat to the steam as the pressure 
^uid temperature of the steam fall, while, as the piston moves, the metal 
^^which has been exposed to the exhaust is opened to the steam and the ac- 
tion is the reverse of that going on at other portions of the surface, while 
during exhaust the action continues to transfer heat from the metal to the 
steam which is swept out of the cylinder. 

There is experimental reason to believe that the temperature of what 
:xnay be called the skin of the metal scarcely varies from that of the steam, 
"While the depth to which the influence extends, or what may be called the 
'thickness of this skin, depends upon the intensity and rapidity of the 
<;hanges of temperature to which it is subjected. 

The experimental evidence is as follows: A metallic pyrometer must 
\>e BO made that a thin sheet of metal can be exposed to the steam in the 
cylinder, or connected to the indicator fittings, having a needle so adjusted 
«nd arranged as to show changes of length in the sheet of metal. The 
instrument must be rated by exposure to steam free from air at atmos- 
pheric pressure and to water of a known temperature. On exposing such 
an instrument to the action of the steam in the cylinder, a change of tem- 
perature wiU be not^d at each stroke. 

If the shell be made of iron 0.03 inch thick, and the piston have a 
speed due to 60 revolutions of the crank per minute, nearly the whole 
change of temperature due to the change in pressure, and the needle, will 
remain stationary during nine-tenths of the exhaust stroke. 

If the instrument be filled with mercury so that heat may be trans- 
mitted to the interior through the skin, while the freedom of movement 
of the skin, by which alone the change of temperature can be observed, 
ia not interfered with, at a piston speed due to 85 revolutions per minute, 
the same change has been observed in the action of the instrument as be- 
fore the introduction of the mercury. 

If the number of revolutions per minute be increased beyond, say 100, 
the indications of the instrument decrease, and are, approximately, in- 
versely proportional to the number of revolutions. 

The problem of the transfer of heat to and from the steam, in an en- 
gine cylinder, although complex, is probably within the compass of pure 



mutliematics, but we sbnll oat attetnpt t<i silBlyse it ttere, for it ironl^K- 
foreign to the spirit of this work. 

The fourth lorn might be considered to be proporlioaal to: 1- '^KI 
whole iDternal surfitce of the cylinder: 2. To the area of the cylin^c= 
and piston heads and a fraction of the borrel: 3. To the area of the pist- ■* 
and, 4. To the diameter of piston. It may also be con3[deTe<l to vary n^^ 
the difference of tempertttnre between Initial pressure and that of ~* 
condenser or eihanst pipe. 

A careful examioation of the tnble of expcrlmentH shows: that uegti^^ 
ing priming and external radiation the whole excess of water used :^B 
hour over that required in a non-conducting cylinder is rudely promo- 
tional to the difference of temperature between the incoming and outgoT^ 
steam, and to the diameter of the piston; and that such e 
constant tor the great range of piston speed and revolutions thera 
found, and moreover is entirely iudependent ol the expanaion, 

Vfe give some of the hgures connected with the experlmenia in rer 
euce to the above points: 

'■. S. STEASIEn "MICHIGAN." 

Seven experiments. Diameter of piston, 3 feet. Excess of water 
pounds per hour over that required by a non-conducting cylinder = l,9-~ 

Temperature of steam aStf-'' 

Tempeiuture of condenser ,.,,,. 10*^ 

959" — 104° = la^" = change of temperature: 
1S5'~' K 3 = diameter of piston = 165 = product of change of temperatnre 
diameter of piston. 1,B34 -^ 4C5 = 4 16 = pounds of water in excess f* 
hour, per foot diameter of piston, per degree Fahr. of change in tec: 
perfltnre. 




Diameter of piaton, 3 feet. Excesa of water in pounds per hour ovi 
that reijulred by a non-conducting cytindei = I,B52. 

Temperature of steam 274° 

Temperature ol condenser KW 

2T4 — 104 = 170^ = change of temperature: 
170 X 3 = SIO = product of change of temperature x diameter of pistoiv- 
1.853 -^ 510 = 3.03 = pounds of water in excess per hour, per foot diamete:3 
of piston, per degree Fahr. of change of temperature. 

Diameter of piston 2.17 feet. Excess of water in pounds per lioi 
over that required by a non-conducting cylinder = 1,650. 

Temperature of steam 315'' 

Temperature of condeaser, 10*- 

315 — 1(14 = 211^ — change of temperature: 
211 X 2.17 = Bay 458 = product of change of temperature x diameter o. 
plBton. 1,G50 -i- 458 = 3.00 = pounds of water in excess per hour, per foo" 
of piston diameter, per degree Fahr. of change of temperature. 
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IBxcess of water in pounds per hour over that required by a non- 
eonduoting cylinder = 1,553. 

Temperature of steam 287° 

Temperature of condenser 104° 

287 — 104 = 183° = change of temperature: 
183 X 2.17 = 397 = product of change of temperature x diameter of pis- 
ton. 1,553 -T- 397 = 3.91 = pounds of water in excess per hour, per foot 
diameter of piston, per degree Fahr. of change of temperature. 
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Hfean of seven experiments: Diameter of piston 2.84 feet. Excess of 
in pounds per hour over that required by a non-conducting cylin- 
der = 2,183. 

Temperature of steam 316° 

Temperature of condenser 104° 

316 — 104 = 212° = change of temperature: 
^^2 X 2.84 = say 602 = product of change of temperature x diameter of 
Pl3tron. 2,183 ^ 602 = 3.62 = pounds of water in excess per hour, per foot 
^^i^^neter of piston, per degree Fahr. of change of temperature. 

^ean of five experiments: Excess of water in pounds per hour over 
'^^■^ required by a non-conducting cylinder = 1,427. 

Temperature of steam 287° 

Temperature of condenser 104° 

287 — 104 = 183° = change of temperature: 
^ 2.84 = say 520 = product of change of temperature x diameter of 
n. 1,370 -^ 520 = 2.63 = pounds of water in excess per hour, per foot 
•^Oaeter of piston, per degree Fahr. of change of temperature. 

Ifean of three experiments: Excess of water in pounds per hour over 
'^ required by a non-conducting cylinder = 1,380. 

Temperature of steam 316° 

Temperature of condenser 212° 

- 316 — 212 = 104° = change of temperature: 

X 2.84 = 295 = product of change of temperature x diameter of piston, 
-h 295 = 4.72 = pounds of water in excess per hour, per foot diometer 
iston, per degree Fahr. of change of temperature. 

MHiliEB'S EXHIBITION AT CINCINNATI. 

Mean of three engines: Diameter of piston 1.5 feet. Excess of water 
^>oiinds per hour over that required by a non-conducting cylinder = 



I 



3, 



Temperature of steam 326° 

Temperature of condenser 104° 

326 — 104 = 222° = change of temperature: 

1.5 = 333 = product of change of temperature x diameter of piston. 

^ 333 = 3.17 = pounds of water in excess per hour, per foot diameter 

piston, per degree Fahr. of change of temperature. 
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HIBN'S ENOINE. 

Diameter of piston 2 feet. Excess of water in pounds per hour over 
that required by a non-conducting cylinder = 733. 

Temperature of steam 302° 

Temperature of condenser 104° 

302 — 104 ::r 198° = chaugc of temperature: 
108 X 2 = 39G = product of change of temperature x diameter of piston. 
733 H- 396 = 1.85 = pounds of water in excess per hour, per foot diame- 
ter of piston, per degree Fahr. of change of temperature. 

U. S. STEAMER -EUTAW.** 

Diameter of piston = 4.83 feet. Excess of water in pounds per hour 
ovor that required by a non-conducting cylinder = 3,334. 

Temperature of steam 267^ 

Temi>orature of condenser 104° 

90>7 — 104 = 1G3° = change of temperature: 
10»3 X 4.H;) = 787 = proiluct of change of temperature x diameter of piston. 
3,337 -^ 787 = 4.^ = pounds of water in excess per hour, per foot diame- 
ter of piston, |H>r degree Fahr. of change of temperature. 

MAS^ACHrSETTS IXSTFrrTE OF TSCHNOIiOOT. 

Diamotor of piston = 0.67 foot. Excess of water in pounds per hour 
ovor tliat rtHittiriHl \a- a non> conducting cylinder = 182. 

Tt*miH*raturv of atcAm 298° 

T^miH^rnturt* of ot^ndenser 212° 

^'.^ — aid = (^^ = change of tempentnre: 
S(^ \ 0.1^7 -- Ci^ = |^r\Hluot v>f changi^ of temperature x diameter of piston. 
tHd -r^ - :l.U - iHHindsixf water in excess per hour, per foot diameter 
of iMstou, |H>r dc^ntv Falir. of chan^ of temperature. 

nU*U SVRVIOK VVMriNO CNv;iNE« NO. 1, ST. IX>riS WATEB WOBKS. 



l^uuiY^t^r of pUtou : T.t>^ f«:vt. Exovc» of water in pounds per hoar 
owr i*.i*t wxjuinsl l\v a u*>tt'V\>udxK*tiu^ cylinder = 4»mk 

lV:',H>cm5urt^ oS s:o*xu i87- 

tVtt^^vr*3xir\' o: vN>UxWv.;s**r WD^ 

^: V>' IfT : chAU^ v>f lempentne. 
:;<" \ : \S MS:;' v^whu-^: oi ohdu;^ x^i tesip«(«tni« x ttiamrtrr of pin 
)v\x\ 4.;^' M?^' > %S )x^uiTf^ of ^^ft:*;*? ia exc«» per boor, per foot 
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176.99 -f- 19 = Ba;r 3.(1 = meau pounds of water in eioeua per lionr, per 
'oot of plHtoD diameter, per degree Fahr. difference ol tempemlure. 

In tbe 49 experimenta, above recorded, we tlnd a certain vsrintiou in 
the regoltiiiK excess per loot of plstou diumeter per degree of cbange ot 
'^Mperalnre, bnt in connection with tliis we must remember that we have 
Ool taken into account the difference ot clearance between the different 
•"•gioeu. For inatiinoe, the lowest valoe given above is that for Him 's 
^Slne, and tbla baa the leuat clearance, while the condition of the nteam 
'">*1 the amonnt of cnsliion lue lu all the casea neglected. Furthermore, 
"Wle the results are widely different, yet llio error in per cent, ot the 
"bole ate&m used is a mnch smaller one, and we Hhall Qnd that adding to 
'w «eua used in a non-conducting cylinder the eicesa found above, W 
*aali arrive at a close approximation to tbe steam actually used. 

^hen we examine tlic caaes of single -jacketed cyliudera, we find, as _ 
^bole, a less excess in the use ot ateBm above that used in a non-condnot- 
'■^8 ejUnder. but the gain ao niuile does not appear to be reduced to any 
•"ch iijnpj(. luw as that found for unjacketed engines, and, in fact, the nse 
1)1 larger expanaion, and consequent Jobs by back presaure work, very 
"'tan neutralizes the gain achieved. 

Tbe compound engines, in our table, give very little better results 
ttiAD Uie simple engines, with the same steam pressures and expansions, in 
tii« cott uf steam per total tiorse power: while per net horse power the 
"•Bw amount ot back pressure work, and tlie actual friction of two pia- 
'^""i with their rods and set-off connections, go very tar to neutralize any 
Tny great gain In such types. 
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Wo find that the data are not suiacient to give an empirical rormtita 
for the exoesa of water over that used in a non-conducting cjllnder; bnt 
we see that it is not very far Irom that of a single. jacketed cyUnder of the 
Bamo Hize aa the large one. We are obliged, therorore, to await rnrtber 
experiments. 

We do not claim, evoo, for the single unjacketed cylinder that onr 
method ot investigation in either flual, eshanstive, or rational, bnt that 
the results are all that our present knowledge of the subject wUI give ns, 
will, we think, be admitted. What is required is a great number of 
experiments under the conditions of class A. upon all kinds and siees of 
englnea; we can then hope to frame a much more accurate and rational 
theory than the amde one we have given. 

We add a lew tables, the application of which wUl be readUy seen. 

1 

SOMBER OF POUNDS OF WATER USED PER BQOARK FOOT OF PI8T0» HW 
HOUR. FOR A PISTON SPEED OP ONE FOOT PER KINUTE IN A KOS- 

CONDUCTINO CYLINDER. 
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STEAM rSIXfi: OH, STJCAM ENGIXJC PRACTICE. 



NUMBER OF INDICATED HORSE -POWER FOR EACH CUBIC FOOT SWEPT BY 
PISTON PER MINUTE IN NON-CONDENSINQ ENQINES. 



Initial Pbbssube in Pounds pbb Squabb Inch Aboyb Atmosphebr. 



No. of 
Expan J 
Bions. ' 



20 



40 



60 



1.1 1.... 


.... 0.073 


0.160 


0.246 


1.2 ;.... 


.... 0.072 


0.168 


0.244 


1.3 .... 


....' 0.070 


0.166 


0.239 


1.4 1.... 


.... 0.067 


0.161 


0.234 


1.5 1.... 


.... 0.064 


0.146 


0.226 


1.6 1 .. 


.... 0.061 


0.141 


0,221 


1.8 .... 


.... 0.064 


0.130 


0.205 


2.0 .... 


.... 0.049 


0.122 


0.201 


2.5 .... 


.... 0.036 


0.102 


0.167 


3.0 1.... 


.... 0.026 


0.085 


0.144 


4.0 |.... 


.... 0.009 


0.068 


0.108 


5.0 ... 


•••■ •••••••• 


0.041 


0.084 


6.0 ' 




0.027 
016 
0.009 

■ • * 


0.065 


7 .... 




0.053 


8.0 1 


1 


0.039 


9.0 1 


••••(•*• 


0.029 


10.0 ,.... 


........i 


b 


0.021 


11.0 


0.014 


12.0 ' 


009 


13.0 








14.0 1 ' 


16.0 : 



80 



0.332 
0.330 
0.324 
0.317 
0.308 
0.300 
0.281 
0.267 
0.233 
0.203 
0.167 
0.127 
0.103 
0.085 
0.070 
0.069 
0.048 
0.039 
0.031 
0.025 
0.019 
0.010 



100 120 140 160 



20.0 
23.0 
30.0 



0.419 
0.416 
0.409 
0.400 
0.389 
0.380 
0.367 
0.340 
0.298 
0.262 
0.2ti7 
0.170 
0.141 
0.123 
0.101 
0.087 
0.074 
0.064 
0.054 
0.049 
0.040 
0.028 
0.011 



0.606 
0.601 
0.494 
0.483 
0.470 
0.469 
0.432 
0.413 
0.363 
0.322 
0.267 
0.214 
0.179 
0.163 
0.132 
0.115 
0.101 
0.068 
0.077 
0.068 
0.060 
0.047 
0.086 
0.009 



0.692 
0.687 
0.678 
0.566 
0.661 
0.639 
0.607 
0.486 
0.439 
0.381 
0.806 
C.257 
0.217 
0.187 
0.163 
0.144 
0.127 
0.113 
0.106 
0.090 
0.081 
0.065 



0.765 
0.769 
0.747 
0.732 
0.714 
0.698 
0.659 
0.647 
0.660 
0.499 
0.406 
0.343 
0.293 
0.256 
0.226 
0.201 
0.180 
0.162 
0.146 
0.134 
0.122 
0.102 
0.073 
0.048 
0.«»31 



221) 



0.942 

0.932 

0.917 

07899 

0.877 

0.867 

0.810 

0.776 

0.890 

0.618 

0.505 

0.480 

0.370 

0.394 

0.28R 

0.2S9 

0.333 

0.212 

0.19S 

0.176 

0.163 

0.199 

0.104 

0.074 

0.063 




Jsmes WbU constnioted an instrnmeut tor ubtterving the volume and 
pressnre ot tbe steam in tbe engine cjlinder to whicb tie (tare the name 
of "Indicator." It oonsl^ted ot two parts: One, a rectangular frame moving 
in Ktiides backvaid sod torward and iictaiited by the engine, to the beam 
of which it vas connected by a cord, with a weight or spring attached 
to keep the cord stretched. In this nay the frame moved with tbe piston, 
stopping when tbat member stopped, and corresponding with it com- 
pletely. The other part carried a small cylinder with piston, piston rod, 
and a spring in connection therewith. Steam being admitted to this cyl- 
inder from the engine cylinder, tbe pressure wonld vary and the piston 
wonld consequently rise and fait within tlie cylinder against the spring. 

By attaching a pencil to the top of the piston rod, and wltb a piece 
ot paper secured to tbe frame, a diagram is obtained in which the position 
ot a point, vertically, in relation to a line traced when the steam is shnt off 
from tbe instrument, is governed by the steam pressure; while its poaitioa 
borlzonially is proportioned to tbe movement of tbe piston of tbe engine, 
or the volume occupied by the steam. The diagram thus produced Is pro- 
portioned to tbe presanre iu height and to tbe volume oucupied in length, 
and tbe area is therefore proportional to the work done in the engine 
cylinder per stroke. Tbo mean pressnre in pounds per square inch is 
found, either, by measuring at ten equi-dintant places, or by measuring 
the area of the figure and dividing by tbe length, of course taking into 
account the stiffness, or scale, of the spring. The mean pressure times tbe 
piston area in square inches multiplied by the stroke in feet gives the 
number of foot pounds per stroke of engine. 

By using the piaton speed in feet per minute, in place of tbe stroke, 

tand dividing tbls by 33.0(10, the number of borse-power exerted la deter- 
mined. 
By using a mean pressure 
horse-power may be estimated. 
lt.T pounds below the atmosphei 
□f the diagrimi,andbyusing thlsi 



pressure, we can find the mei 
horse- power. 

In such on instrument, ho' 
moving springs ore subjected 
and vibrations In tbe springs t 



This is tnie for both the pencil and paper 



t two pounds lesft, the number of net 
By setting off tbe line of no pressure, 
r line, and drawing verticals to tbe ends 
n the diagi'am of an engine without back 
I total pressure and the number of total 

ever, there are many imperfections. The 
I sudden changes of pressure, or tension, 
B set up by the inertia of the moving parts. 




Tbe motion of tbe 



pftjier from the engine motion is subject to errors both geometric and 
mechoniijal: the former can only be reduced at the expense of the Iatt«r- 

Tbe remedy for Tibrations of spring is to rednce the weight of the 
moving parts, to decrease the nmouut of motiou tliereiu, and to increaee 
the stiSuess of the spring Itself. 

The mechanioal errors of connection are: the variations in length of 
cords, and vibiatlons, and the slack in the bara used for reducing the mo- 
tions. There ie also a loss In pressure caused by the leakage of the Indi- 
cator piston, and lor engines with small cylinders an error is introdnced 
by cylinder condensation in the indicator. 

In large, slow moving engines these errors are all small and ma7 be 
neglected, but they Increase In importance with the number of revoln- 
tions, and, inversely, with the size of the engine. 

The indicator was first improved by McNaught, with Hlchards, Thomp- 
son, Crosby, Tabor and rrofessor Sweet, following, in their efforts to re- 
duce the weight of the moving parts, all using, however, a separate in- 
strument. We give an illustration of Thompson's Indicator as a good 
example. 



THOMPSON'S STEAM ENGINE INDICATOR. 




M. G. A, Him employed tlie beam ot the engine, the deflection being 
properly mnltiplied, for the spring opposing the Bteom pressure; and Mr. 
WiUJam E. Wortiieu hoa proposed the uae ot the spring of the oylinder 
head of the engine tor the same purpoae. This would give very antiafac- 
tory results with proper means for mnltiplying the motion. 

tn France a device haa been tried which can be applied to engines 
ranning with nearly oonetant load, but vhlcb is not well suited for en- 
gines with quick acting automatic cut-off gear. An adjustable yoke oon- 
flues the movement of the pencil within nan'ow limits, nod by changing 
this adjustment the card may be taken piecemeal. An elegant adaptation 
of this metbod was used on the South Eastern Tloilway of France, where 
the adjustment was made by compressed air, and the diagrams from the 
cylinders taken in the dynamometer cor. 

Engines may be clossifled as single acting and double acting, accord- 
ing as the working steam is used in one or both ends of the cylinder; and 
condeuaing and oon condensing, according as the sleam from the cylinder 
is cooled by water and condensed, or la eihousted directly into the air. 

There are two kinds ot single-acting engines. The one, the older, U 
mainly employed in the pumping ot water; and (he other, the modern type, 
maintains a high speed ot revolution on a shaft, with the connecting rods 
kept under stress of one kind, usually compression, so that the shock on 
the boxes, due to change ot force from compression to tension, and the 
effects ot wear, are avoided. These two kinds ot engines ace entirety 
dlSerent in design and construction. 

The oldest form of engine was worked by admitting ateam from a 
boiler to the cylinder, below the piston, which was uonnected with a beam 
aud pump rod. The weight of the pump rod forced the water up from 
the pump and also carried the piston to the top ot the cylinder. A jet 
ot water was then thrown into the cylinder condensing the therein 
contained steam, which had been previously shut off from the boiler. 
Tlie presstire of the atmosphere now drove the piston down, at the 
some time lifting the pnmp rod, when after It bod reached the bottom 
tbe water was discharged from the cylinder and the process was re- 
pealed. 

Jamea Watt devised tbe separate condeuser and covered the cylinder 

w as to introduce steam at its upper end, thereby lifting the pump rod. 

When tlie piston reached the bottom ot the cylinder the steam was cut off 

froia the boiler. An arrangement, called the equilibrium valve, opens 

cornrnnnication between the two ends of the cylinder, and the steam 

Qo» pressing equally above and below the piston, the weight of the 

parap rod carries the piston to the top of the cylinder, driving the steam 

■'iiicli was above the piston to its lower end, and doing the pumping at 

^ Same time. The steam is now admitted above the piston as liefore, 

''**^ the bottom ot the cylinder is opened to the condenser and a vacuum 

X>l'oduced below the piston at the same time us the steam exert^s its 

'*'■*' B«ure above it. 

^heae engines were Introduced into the mines ot Cornwall, and into 
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deep shafts, snd with ample boilers and high pressure steam they becam^^ 
famous BJ4 the "Coroish Fumpiug Engines." With the quick admissioi^=i 
of high prBssore steam a sndden pull wob exerted on the pnmp rod8_4 
which, being constructed of wood and o[ long length, reBdlly absorbeiME 
this jerk and began to rise, ka earlj cnt-ofT allowed the rapidly taUing^S 
steam pressnre in the ojlindet to be helped out by the inertia of the^ 
weight lifted, which came slowly to rest, and then reacted npon the^s 
column of water, oommencing gradnallj, — oouditions very favorable iof^ 
the pumping part of the work. The boilers used gave very high evapora- — 
tlon by reason of the very moderate manner in which they were worked, ^ 
and the duty, or number of foot ponuds of water raised per pound, or per '~ 
bushel of coal, was also, usnally very high. In these mines systematic « 
record watt kept and published monthly, and competition was thus 
Induced among the men in charge of the engines. High pressure steam 
and high expansion here received its first practical conflrmation. 

Wlien, however, these engines were applied to pnmping water for 
water works, it was found that withont the elasticity of the long and 
heavy pninp rods used in the mines, the pump was apt to jnmp. if high 
pressure steam was used; that is, the plunger wonld rise without the pump 
filling and a very hard shock was the result. In consequence the use o( 
high pressure steam, and high eipausion, was abandoned in such engines 
bnilt tor waterworks purposes in the United 8tat«s, and 11 la safe to say 
that (or such purposes no more of this cIbbb of engine will ever be built in 
this country. In no case where used for water works has any such duty 
been reached as was obtained by tbeaeenglnesin the mines. The indicator 
diagrams tor this class of engines are to be placed one above the other; any 
dlSerence between the exhaust line of the steam end and the admission 
line of the exhaust end being so mnch lost pressure and work. 

Id the class of Cornish engines, introduced by Captain Bull, the beam 
was dispensed with and the cylinder placed directly over the pump, the 
ateam being introduced at the lower and the exhaust taken from the 
upper end. A pair of such engines are used at the River Pumping Station 
of the St. Louis Water Works, but, as suggested above, with steam at a 
low pressure. The diagrams given herewith show the limited expanaioQ 
possible. 

The other class of single acting engines was introduced In order to at- 
tain a higher speed of rotation than had been found convenient In the or- 
dinary double acting engines, where the inertia of the rods and the change 
from thrust to tension brings first one side of the box and then the other 
into bearing. Unless this change is a gradual one It is accompanied by a 
less disastrous to the machine. By keeping, say, a thrust 
the rods the boxeb are always in beaiing on one side and no 
curs. The steam during admission and expansion causes 
one direction on the piston which is not changed during 
exhaust and compression. The irregularity of action may be remedied by 
a heavy fly-wheel or by the use of one or more cylinders. As examples; 
tor two cylinders engines we select the Westingbonse; for engines witU 



continually 

such shock 
a pressure 
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three cylinders. Brotherhood's, of London; and with six cylinders, the 
Ck)U I>i80 Engine, ftom West's and Parkin's patents, manufactured by the 
Colt's Tire Arms Company, of Hartford, Conn. These machines have, at 
the time of writing, been used more particularly with electric apparatus, 
and in small boats, but have attained much popularity in other directions. 
The exhaust is taken into the chamber where it lubricates the main 
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DlAOBAM VROM GORNISH ENGINE, NO. 1, LOW SeBYICE, 

St. Louis, Mo., Water Works. 
56" X 198" X 9 doable strokes per minute. 




Diagram from Engine No. 1, High Service, St. Louis, Mo., 

Water Works. 



86" X 120" X iiJi revolutions per minute. I. II. P. 7j»5. 
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THE WESTINQHOUSE ENGINE. 



I 
I 




Front View. 160 H. p. 



VAHIETIUS OF SAIilXSS. 



THE WESTINGHOUSE ENGINE. 




VAftlETIKS OF KXaiyEH. 
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THE BROTHERHOOD THREE-CYUNDER ENGINE. 




L 



bearing with the wet atenm auil the oil introduced by tlie steam pipe. The 
litotherhood engines are also used with oompreesed alt for driving tor- 
pedues, and we have seen one, driven bj a 'WestiutchoDHe Air Compreseor 
used For driUing in a locomotive repair shop. 

It appears to us that these engines are well adapted for constant work, 
bnt tor Intermittent use the temptation to rim them without cleoDlng most 
be so great as to render them liable to a rapid deterioration, 

When indicator diagrams from largo, slow moving engines are exBin- 
ined, nnd the weight of steam present at any two points of the stroke, snoh 
at cut-off, and release, is calculated by Ihe aid of the table of the "Pro- 
perties of 8team," and the volume, pressure, and density thereof, we shall 
rarely flud any kind of agreement in the two results. And. If there has 
been also a careful measmfement ol the quantity of teed water coDBttmed 
per stroke, the amount will be found to be much in excess of that given by 
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THE COLT DISC ENOrNE. 
Weit'f and Darkln'i Patenti. 




computatJOD. This differonco, in an onglne with & tight piston, is only to 
be acuonnted lot bj tlie action ot the metal of the cy lioder which transterH 
heat to and from the within contained steam. Tbia has already been ex- 
plained in Chapter III. We Hbatl consider the effect of this action upon 
the indicator diagram, and the loss of work which occnrs compared with 
tbat which Hhould be done in a non-conducting cylinder; or, in other 
irordi. the coDseqnent increase in the qnantity of steam nsed for a given 
work shown. 

Let ns take (or example the data ot the experiment conducted by Mr. 

, J. W. Hill at the Miller's Exhibition, held at Glnuinnati. The experiment 

(rom which we obtain the following was made upon one of three Corliss 

engines, built by dlflerent makers, but all having the same general dimeu- 
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THE COLT DtSC ENGINE. 




tbe pcrlphcr)' ot tbe dlaa B. They are Bingle aoUi 
upon ItaeBateBd only. Btetim 1b ■dmltted snoceBi 
Btruu cbmc t', tbtee piBtoDB beliuc oonstiDtly In ocl 
Chn-cby Impkrtln? ■ nnlforn rotllng mncioa to tLe 
Itc oenter by tbe ball aail souket |oint iJ. siid rolls t 






the six cyUndeiB Iroin tbe 
a at dltTDrent points ot tbe stroke. 
iDloal disc ]). wblob iB aleadled at 
tbe conical aurtaoe ot tbe I 



plate K. wblob reDelvea tbe fall thiaat ot tbe piston*, aDd proteots tbe lull and socliet. 
Joint II Irom atrala. Tbe onoti pla F U scourelv Hxed la tbe centre ot tbe euulcal disc 
/;. ibe railing motion of the dlac oanBlnn tbe plo to describe a olrole, and by means of 
tbe crank ';. imparCins a rotary motion to the shatC //, The shaft Wpassea thcoaBb the 

Tbe TaWe A' Is a Hat cLronlar ring vrbiah alldes steam tight hot perfectly freely between 
tbe port taoe and a balance plate. The steam Is admitted to and tills tbe anDular apace 
( ' lett In tbe steam chest ontslde the olranmlerence of the valve ring A', Che eccentric 
motion ot trblob alternatrly opens and oloaee all the steam portji, sncceesively admlttlnii 

bf Ibe Inai'leottbe vMve rlDK, and thence throUKh openings Into the body of tbe engine: 
llscbirged by tbe exbaoxt pliie .V. 
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Cylinder, IS'' x iS'^; nomber of revolutions, 75.4; steam at 80 pounds 
pressure, cutting oil at 13 per cent, of tiie stroke for the Allis Engine: cut- 
off pressure, 84 pounds; piston area =1.7 square feet; piston displace- 
ment s 6.8 cubic feet; 

13 per cent, of 6.8 = 0.884 cubic feet. 
Oleoxanoe yolume = 0.2 cubic feet; volume occupied by steam at cut-off, 
1.084 onbic feet; density of steam at 84 pounds = 0.231; 

0.231 X 1.084 = weight of steam at cut-off = 0.250 pounds; 
weight of feed water per hour = 3422.6 pounds; weight of feed water i>er 
stroke s 0.878 pounds: 

0.378 — 0.250 = 0.128 pounds condensed at cut-off; 
or, 34 per cent, of all the fluid present is water; or, the water present 
eqnalB in weigh! 50 per cent, of the steam. 

7 

Beal expansion = ■ • V = 6.4. 
*^ 1.084 

Now taking the length of the diagram to represent 6.8 cubic feet, and 

adding the oleeranoe s 0.2 cubic feet, or, say 3 per cent, of the stroke, we 

Aet off at the ont-off pressure a volume 50 per cent, greater than the cut-off 



loop 




DiAOBAM FROM ReYMOIjD'S GORLI88 ENGINE, 
18" X 48" X 75 revolutions per minute, at Millers' Exhibition, Cincinnati, O. 

'olnme; and if from this point we draw a curve of expansion for steam in a 

i-conduoting cylinder till we reach the pressure of release, and thence 

a yertioal line to the back pressure, we have the diagram which the 

"Vrater boiled should have given per stroke in a non-conducting cylinder; 

^nd the difference between the area of this diagram and the real diagram 

"Represents the loss which has taken place by the actiou of the sides of the 

csylinder. Measuring the area of the diagram by the planimeter we have 

4.40 square inches, and for the area of the new diagram, 5.91 square lucheH, 

which makes the latter 0.34 per cent, larger. The indicated horse-power 
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Is 153.7, wliicli in u non-couduoting cylinder would be nearly 204. so thi 
a losH of 50 indicated horse-power, or, nay 2E per cent., is caused by Ih 
transfer of beat in tha sides of the nyllndcr. 

Tills experiment is a goo^ one by which to examine other mutters, s 
that we may see what can be ubtained from an indicator card. 

In the above experiment the quantity and rise of temperature of tb 
injection water were meaanred, and the steam supplied was found to b 
dry by oolorimeter tests. We abstract from the report ot the trial th 
following: 

Dry steam supplied per hour (or ton hours , , 342d.6 ponndi 

Dry steam per stroke 0.3T82poundi 

The injeotiou water = 30. 8S limes the feed and rose from 72'^ to IDS 
Fahr. , which gives 0.3782 x 30M K 30 = 361 heat units rejected per struki 

Mean indleated pressure 34.96 pounds. 

Mean total pressure 40.5 pounds. 

Area ot piston 9S3 sqnare incites. 

Total work per stroke = "^ ** *"'^ -*' * = 63 units, 

Heat per stroke, feed at 3fl° = 0.3782 x U81 446 unitt 

Deduct for teed ut 102 ^ 33 = 0.3782 Jt 70 2G * 

Heat given to engine per stroke 430 " 

lleat expended in wort per stroke S3 

Heat in ostomal radiation, say 4 57 " 



3(t3 



Heat round in rise li 






" W6' 



ir, Bay 3 per ci 



This error iu the experiment probably arose in the measurement of 111 
injection water, and perhaps, from not obtaining the average ot tbo b( 
well accurately. 

At cut-off we observed that of the amount ot 0.378 pound of fee 
water evaporated per stroke, 0.2G pound was steam, while the bkluioi 
equal to 11.1282 pound, had condensed. 

Unit 

At Ibis time the Intemut heat ot the steam present = 1100 x a.2S = it 

' water " =.. .208 « 0.1282 = i 
275 — 38 ! 

Heat in fluid present. 

Heat received from boiler as given above 
Heat absorbed by cylinder = 446 — 313 = 
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At the end of the stroke the volnme occupied is 7 cnbic feet, with a 
tof^Al pressnre of 12 ponnds; density = 0.031: 

l^«ight of steam present, 7 x 0.031 0.217 ponnds. 

iwr«ight of water present, 0.3782 — 0.217 0.1612 pound. 

Int^^mal heat in steam present, 0.217 x 1072 233 units. 

in water present, 0.1612 x 170 27 " 



^at in fluid present 260 " 

^at used in expansion 36 " 



M 
M 



Bteat accounted for 296 

^H:oat in fluid at cut-off 313 

^9«»at added to iron during expansion, 313 — 296 17 ** 

in iron at end of stroke, 133 + 17 150 " 

And this latter amount is necessarily thrown away during the exhaust, 
the iron of the cylinder into the condenser, and is the cooling effect 
^^' the latter upon the former. 

The computation at the end of the stroke is never so satisfactory as at 
cr&^.Q^^ because the changes of volume are much greater for small 
^l^an^es of pressure with low pressure steam than with high. Suppose 
'ox> instance the terminal pressure be taken as 2 pouuds below the atmos- 
^^ere instead of 3. The density will equal 0.034, and the weight of steam 
^-^38 pounds, while its internal heat will equal 0.238 x 1072 = 255 units. 

The water will equal 0.1402 pounds and its heat = ~s^ . 

This will make 19 units more accounted for in the fluid present, and 

^^^^^ ^ve 131 units in the iron at the end of the stroke, instead of 150, by 

^^^9on of the cooling effect of the condenser. If the agreement between 

*^^ lieat rejected and that given from the boiler had been closer, we 

^^onid have found a check upon this cooling effect of the condenser, as 

'wb: 

Heat found in condenser 351 units. 

Heat given by back pressure work 7 " 

^luid heat at end of stroke, 260 or 279 units, according to the terminal 

^9«ure taken. But this is too large, as the temperature of the water in 

oondenser is 102^ and not 32^, and we have 0.3782 x 70 = 26 units to de- 

as before, which leaves 234 or 253 units received into the condenser 

the fluid; or from the fluid and work of exhaust 241 or 260 units. 

^^^'Victing these amounts from 351 units, we have 110 or 91 units as the heat 

^^^^c»^yed from the iron; but if we bad found 13 units more in the condenser 

*^^ values would be 123 and 104 units, thus rendering the lower value of 

^^^tadiual pressure the more probable. A very slight amount of water iu the 

^^^*n supplied would account for much of the inconsistency of these 

T^^'^Xlts. We shall give in Chapter V examples of such computations by 

^* O. Hallauer, showing more consistent results. 

^ith the use of high pressure steam, and high expansion, as employed 
^ "Xrevithiok, in Cornwall, the shock and change of pressure in the cyl- 
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inder between the beginniog and end of the stroke, of course, bec^^^ 
considerable, and it was suggested by Hornblower, in England, andio^fi 
afterwards by Woolf , in Germany, that the steam should be first introdi&<^^ 
into a small cylinder, whereby the strain, produced on the connections ^3 
the sudden influx of high pressure steam, might be reduced, and that bX"^^^ 
acting for more or less of the stroke at boiler pressure, the steam sh^'Kil^ 
be put in communication with a larger cylinder in which the expanss-on 
should be completed. But while pushing the large piston forward tlm 
is a tendency to retard the motion of the small one. The following 
gram. Fig. 40, will explain the indicated work and the total work: 




Fig. 40. 



Let a b represent the volume of the small cylinder, h e the 
between the small and large cylinder and a 6 + c d the voloine of U 
large cylinder. • 

The area ag fe bis the total work done in the small cylinder and 
area a ni hj k d is the total work done in the large cylinder. The in 
cated work of the small cylinder isng fe and the back preasore work 
neb. The indicated work of the large cylinder isnikj kn, while t 
back pressure work is ci n k d. We see that the work anmb has 
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comited twice, whioh Ib once too many; and we also see that there are two 

mrajsrs of representing the portion n m i, which may be considered as part 

ot tihe back work of the small cylinder while it is forward work for the 

La^jrg^ cylinder. Or we take it as part of the forward work of the small 

f oy Under, giving ag feb as the forward work, while anmbia the back 

X>sr^«8ure work in that cylinder, leaving ng fern as the indicated work; 

^virliiie, for the large cylinder we have chjd for the total, Ihjk for the 

ix^<Ucated and clkd for the back pressure work. 

If the receiver between the cylinders be small, the pressure at the be- 
firu=^^ing of the stroke of the large cylinder is nearly equal to that at the 
of the stroke of the small cylinder. With a large receiver the press- 
is apt to be much less, while it can be raised by a cut-off on the large 
<53rlji.nder. 

The amount of clearance volume between the cylinders affects the 
of the curves en hj and i n; and when very large, regarding c d, the 
done in each cylinder is measured by itself without any deductions 
I the diagrams are placed one under the other, as in figure 41, where: 
c d e a is the high pressure diagram, and afghk the low pressure dia- 
The enclosed areas are the Indicated work; the area i khithe 
^<:2k pressure work on the large piston, and a e m j that of the small 
Lton. 
When the question of indicated power only is under discussion the 
^asarement of the diagram by the ordinates or by the planimeter is suf - 
!±ent. Each piston by itself is taken and the work done on it found and 
Much misconception of this subject appears to have prevailed, 
one modern writer claimed, in 1883, a generalization and geomet- 
construction which is given in Bankine's Steam Engine, in the first 
Ltion. 

Many forms of compound engines are to be met with, some of which 
^y bo briefly described as follows: 

1 . Engine with two cylinders of equal stroke acting on one crank pin, 
steam from one end of the small cylinder passing to the farther end 

^ixe large one. The cylinders are usually in line, or "tandem. " 

2. Engine with two unequal cylinders attached to the same end of a 
I, the steam passing from one end of the small cylinder to the further 

^"^^ of the large one. This form was the original one introduced by Woolf . 

3. Engine with two cylinders of the same diameter, set side by side, 
^*^^ two cranks at 180°, the steam from the small cylinder passing across 
^^ '•^ifc.e near end of the large one. 

'^. Engine with two cylinders attached to opposite ends of a beam, the 
??^^^xi from the top of the small cylinder passing to the top of the large. 
^^^^-^ form has been largely used by McNaught and lately with horizontal 
^^ii^ders. 

j^^ S. Engine with two cylinders attached to two cranks at an angle of 
^^ "^rith each other and a more or less intermediate receiver. With verti- 
^^ cylinders they have been more used than any other form for marine 
les. 
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<:. Enginea with three cjliuders nttached to crsnka at I2(>° with eftoh 
other, one or them heing iiaed for high preasiire and the two others, ot the 
Bsme, or greater diameter, for low preasnre. This olsss has been succen- 
tally uaed on the verj largest marine engines. Those of the steamships 
Arizona, Alaska, Servia, Aurania and Oregon may be instanced. 

T. EnKiue with fonr equal cylinders attached to oranks at 45", iising 
one as high preBiure and the other three as low preBsore. 

8. Two pairs of tandem engines driving two cranks at 90°. 

!l. Three pairs ol tandem eoglnex driving three cranks at 120°. 

10. Three onequat cylinders driving three cranks at 120°, the steun 
passing through all three cylinders, 

11. Two pairs ot tandem engines driving two cranks at 91)°, ilie steam 
passing through all tour cylinders and two interhoaters. 

The use ot receivers ot comparatively large volume between two cyJ- 
iiiders was Ilrst suggested by Ernest Woolf, and the great progress made 
in marine euginea by its use, under the name ol compound engines, has 
been mainly due to its adoption by ttie engineers of Glasgow. 

For marine service the compound engine with high pressure ateoni 
has developed the best practical results. The most usual type adopted is 
that with two cylinders, the smaller, or high pressure, and Ike larger or 
low pressure, being coupled by cranks at UO". The most nanal type of 
screw engine being vertical, we And the nmall cylinder occasionally placed 
on top of, and in line with, the large cylinder, both pistons working on 
the same rod. Two or three such engines are used with cranks at 90" with 
two cylinders, and at 120° when three cylinders are employed. 

Wben the use ot two cylinders would require the low pressure cylin- 
der to bo excessively large, two low pressure cylinders are used in connec- 
tion with one high pressttrc cylinder, coupled to cranks, generally at 12(1^. 

The use of three cylindersof different siaes has been tried with steam at 
125 and IVS pounds pressure, the higher pressure wasadopted on the Steamer 
Fropontls. Although the boilers iu this Instance bad to be abandoned, the 
results wore very good while the high pressure oould be maintained. 

The following table prepared with great care by Mr. Marslioll gives 
the results of the progress In marine engine practice. While the economy 
in the use of high pressure steam and ihe compound engine, taken to- 
gether, is evident, it must be confessed that it is not easy to separate the 
eSeclB of the two causes; and while the mechanical advanlages ot cum- 
pounding tor marine engines of large size, for which it is especially nsefnl. 
are well known, yet it may be stated that with steam ot moderate pressure 
no advantage in economy has been found when the compound engine la 
compared with single cylinder engines of good design and constnioUoD. 
and working steam at the same pressure. 

It is also readily conoeded that higher rates of expansion may bo nsed 
with the compound engine tttan with single cylinder engines, nsing steam 
at the same pressure; but It may be doubted whether any prnolicol econ- 
omy has resulted therefrom, as may be seen from an exuminatiou ot the 
table of engine trials and the paper by Hallaner in Chapter V 
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While Mr. MnrshBll's table is ut great value, It must not be forgottel 
that the gain and rapid advance ia due to the increase of preasnre and tin 
higher expansion used; and must not be oontounded with the great gall 
wliioli resulted from the introduction of the com]>DUDd engine fotlowini 
the Burfsoe comleuser. Of thin a portion waa a mechanical one, due I 
smoother action, and the remainder, the saving of the beat lost by con 
slant blowing off when salt water waa fed to the boilers. 

Mr. Mai'sball compares with a paper read by Mr., now, Sir F. J. Bram 
well, in 1872, in whicli Mr. Bramwell gave particulars of twenty-eigh 
steamships. 

The average conanmption of coal per indicated horae-power per hour 
trom nineteen of these vessels, was 2.11 pounds, the steam pressure rang 
iug [roni 45 to tiS pounds above the atmosphere. The ateam averaged, aaj 
52.5 pounds, and the piston apeed waa 376 feet per minute. 

We see that the average ateeiu pressure, was, in ISHl, 77.1 pounds, th 
average piston speed 437 feet, while the coal consumed per indicate) 
horse-power p«r hour, was 1,H3 ponnds, or 13,4 percent, less; and the boile 
surface is also less per horse-power. This gain ia shown to be that theo 
reticall; due to the higher initial pressure, the same terminal and boc 
pressure being assumed, the number of expansions being in the one ca« 
5.15, and in the other 7.05. 

Now with steam of GO ponuds total worliing preasnre. and with 4.57 ex 
panaions. the theoretical steam is 21. '.13 pounds per indicated Uorso-powe 
per hour; for 6 expansions 19. Oi) ponnds, and for 8 eipauaions IB.B ponndi 
The diflerence between 21.9 and 1S.& = ;1.1, which shows the gain by Increai 
ing from 4.57 to B expansions. 

The gain trom G to S expansions, or from 19.1 to 16.8 pounds, of stoai 
is only 0.:i. or, for 7 expan.sions sa; 16.9 pounds; so that we Bnd that moi 
of the gain must come Irom the increaae in pressure and very little froi 
the increase in expansion. 

The value of jackettlng iLnd componndiug is still on open qneatioi 
For slow moving engines, both appear to ndd to the economy; bat It 
high speed engines little gain is observed. In Chapter V, In the AJsatla 
experiments, we shall find u very strong argument in favor of the Bingl 
cylinder unjacketed engine using superheated ateam. In comparing tb 
econoniy of the engines of the 'Leila," using compound unjacketed cylii 
dors, with those ot the "Siesta," we find for the cases of maximum x>ow( 
that little was added by the superheating but the smaller engine wi 
driven the harder. Looking at the Miller's Exhibition engine we flu 
that with the cylinder ot the same size it used but little more steam per ni 
horse -power, —St cam ot the xame pressure. 

We present here two diagrams trom Porter-Allen engines. On 
taken at a trial using superheated steam, made at the Ainerican Institnl 
Fair in New York several years ago, and interesting mainly as showing a 
expansion curve similar to that ol steam in a non-condnoting oylindei 
The other is trom a compound engine, jacketed, and with interheatei 
The diagTRiDa then taken are given, and also the combined diagraJU; tli 
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latteT shows two onrves of expaosion for a non-conducting cylinder, the 
ixizier one for the steam passing through the engine and the outer one for 
all ^Jie steam used. A comparison of the enclosed areas with that of the 
curve shows the loss. We also give illustrations, and detailed draw- 
of some of the principal features of the Porter- Allen engine which re- 



DlAGBAMS FROM PGBTEB-ALLEN ENGINE. 
16" X ao", 126 revolntions per minnte. 




Scale to 




Record, 1 horse-power per 25.8 lbs. of water per hour 



Tiire no explanation, see pages 167 to 187. They are given as on example 
the most skillful design which has been attended with the best work- 
-^^:iaii8hip ever used in engine building. 

We also give illustrations and many details of the Keyuolds Corliss 
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DlAQBAM FROM POBTEB-AliliEN COMPOUND ENGINB. 

12" and 21" X 24", at 180 revolutions per mlnnte. 
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Combined Diaobam fbom PoBTEB-ALiiSN 

Engine. 

Upper onrve shows expansion for all steam nsed. 
If In a non-oondnctlng cylinder. Second cnrre 
shows expansion for the steam passing through 
the cylinders. 

Cylinders 12" and 21" X 24" X 184 reyolutions 

per minute. 
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engine bnilt by Messrs. E. P. Allis A Go., of Milwaukee, Wis., which were 
kindly furnished by Mr. Edwin Reynolds, and these require no further 
explanation, see pages 153 to 162. 

On pages 163 to 166 we also give some illustrations of details of the 
liambertville, N. J., Iron Works, Automatic Cut-off Engine. 

The class of engines with poppet valves we illustrate by some details 
of the engines of the Mississippi Kiver Steamboat. "Montana," pages 119 to 
121, and an elevation of the High Service Engine, No. 1, of the St. Louis 
Water works, page 114. 

We illustrate herewith the action of river engines by diagrams taken 
from the Steamboat "Phil. E. Ghappel" and the "James Howard." A dia- 
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Diagram from Larqb Cylinder of Engines of Kiver 
Steamer "Phil. E. Chappel." 

22 revolutions per minute. 



Mean pressure 
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Diagram from Engines of Kiver Steamer "Jas. Howard." 



34H" X 120" X 11)4" with oondenser, 12H" without oondenser. 
1247 I. H. P., both ensines vrith condenser. 
1268 L H. P., both engines vrithont condenser. 
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HtOH SERVICE PUMPINQ ENQINE, 
No. I, St. Louit, Mo., Wator Works. 

B(«ftm cyllndw M" X iso"'. 




Tbt Indloatcd work doii« In Bm*ller orllnder mkjr be ukea ms Inolndlue the portion 
odIt Sn" ahaded. In wbloh cua tbe work Indlo&ted In Iurb oyllndcr Inoludea tiom the 
point A, bha oleiranoe bcliiK onrred oa the Indlaated work Id bidiJI oyllDder Is to b« 
taken aa InolndinR tbe portloo witb ooarae abade, the aleannoe losa bilPi vertloal and 
the work lodloaled In long eyllndet la that floe ahad«d only. 



MOTK.— Tb* Banklne totmola lor i 
(T = oonaL, aa ilvan abora. 



adlabatlc 01 



.. and not 



116 



STEAM USING; OR, STEAM ENGINE PRACTICE, 



Diagrams from Engines of S. S. "Arizona.** 
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LOW PBS8SUBB. 



Combined Diagram. 

Boiler pressure 86 lbs. 

Cylinders, high pressure, fio" X 66" X 6S revolutions. 
2 low " 90" X 66" X 66 



INDICATBD HOB8E-POWKB. 

High pressure cylinder 2433 

-F Low " - 1925 

^ " " " 1948 

6S06 
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Diagrams from Engines of the S. S. "Aberdeen." 
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gram is also given on page 91, from the SI. Lonis Water Works engine, 
and there is drawn thereon an expansion carve for the same quantity of 
steam in a non-condncting cylinder. 

As illustrating the action of a non-receiver compound engine we give, 
page 115, a combined diagram from the trial of the Lawrence Pomping 
Engine, and have noted the matter of indicated work thereon, — the point 
being that is more than the sum of the finely shaded areas. 

Single and combined diagrams are given for the engines of the S. S. 
"Arizona, ''the two low pressure diagrams combining as one nnder the high 
pressure diagram; and we also give single and combined dia^^rams from 
the triple expansion engines of the S. S. "Aberdeen,* seepages 116, 117. 

As examples of the exteriors of modem marine engines we have re- 
produced illustrations of the engines of the steamships "Grecian,' the 
"Parisian" and the "Aberdeen," see pages 125 to 129, which with the above 
diagrams from the "Arizona" and "Aberdeen" are taken from "Engineer' 
iny," of London. 

We also give iUustrations of a compound engine of the non -receiver 
type, for the U. S. Lighthouse Steamer "Hanzanita," pages 122 to 124, de- 
signed and built by Hr. H. A. Ramsay, of the Tulcan Iron Works, Baltimore, 
Md. The "throws" of the two cranks are placed immediately opposite each 
other or 180^ apart, and the steam after doing its work in the high pres- 
sure cylinder, is released, and passes at once into the large cylinder when 
the piston is found at the commencement of its stroke ready for the steam 
to exert its force upon it. Hence the interposition of a receiver, which is 
required when the cranks are placed at right an^es to each other, is not 
necessary. The only objection to the arrangement is the supposed greater 
difficulty in handling the engine as both cranks are on their dead centres 
at one time, but this is easily obviated by care on the part of the engineer. 
The cylinders are 22 inches and 36 inches diameter, and the stroke of pis- 
tons is M inches. In order to work the valves with one pair of eccentrics 
the valve faces are placed at right angles to each other. This arrangement 
simplifies the number of parts and renders them easily accessible for ad- 
justment. Ther^ are no expansion or cut-off valves on either cylinder but 
both which are of the ordinary locomotive type, are provided with sufll- 
cieut lap to enable them to suppress the steam at three- fourths of the 
stroke of the pistons. By the prt^per arrangement of paassgcs and valves, 
the engines^ an^ arrangevl to work as simple condensing engines, oompound 
«ind high prv^surv or uon>«.N>udensing. as may be desired. The surface 
i\>udeu:^r which is of the usual rectangular cmst-iron box shape forms the 
frame for suppv>rtiug the cylinders on one side, while the other side is 
supiH>rte\l on \\ rvnight ;r^>u vvlumns. The air pump has a trunk plunger 
and buokot ;iotuattsl bj wrxnight^irvm levers cv^nnected to the cross- head 
of the low^prv^ssuT^^ oyliixder. 

The vvmdensor is Arran^sl to iviss the condensing water, furnished by 
an ludeivudcnt st<vuu pump, ciakiug thn>e turns through the condenser. 
Tht oirvuUtiug putup has :k v't Under of li inches diamet^and 15 inches 
s:r^>ko. 
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MISSISSIPPI RIVER STEAMER "MONTANA." 
Cylindar and Valval. 
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EMOINES OF THE U. S, LtQHTHOUSE 
STEAMER "MANZANITA." 




VASIZTIES OF ENGINES. 



ENGINES OF U. S. LIGHTHOUSE STEAMER "MANZANITA." 




ENGINES OF li. S. LIGHTHOUSE STEAMER " MANZANITA." 
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BLaVATION. 
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THREE-CYLINDER COMPOUND ENGINE OF S. S. "PARISIAN." 




VAHIKTIKS or E?IQINES. 
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On piigca 138 and 139 will be found illuatrations ol tlie engines ol the 
Hteam jncht 'Leila," built by the HerrealioB ManutBt-'turing CoDipiui;i 
Providence, B. I. 

The Buclieye engine we illustrate in detail, see pagea 141 to 152. II 
appears at flrst sight to liave only an eipansioa valve on the back ol lli« 
main allde, with the ohange ia the cut-off given by the rotating welgUls 
on the Hhaft turning the expansion ecoentrio round the ahatt. But tbe 
connection between the expansion eccentric and its slide ia through a rook- 
ing lever with eqQal arms, carried at its centre at the middle of a rocking 
lever piTotted at the lower end. The effect of this, while thron-ing llie 
expansion slide to the other iiAn. ot the main slide, is also to render tbe 
movement o[ the expansion aUde on the back of the main slide entlrclf 
independent of the position of the latter; tor the expanaion slide is iu 
its central position on the main slide when the two working leverasre 
in line, which only requires the expansion eccentric to be in a gi'en 
place. The arrangement is therefore as if the expanaion slide worked on 
a fixed scat, dividing the steam chest, with the advantage of a very Biiit» 
clearance. I 

In drawing the valve diagram we find from the diatanoe circle for tW | 
main valve, the points of admiasion, releaae and cushion; but we dn* 
either on the same, or a separate diagram, the distance circle for any poe^' 
tion of the expansion eccentric, and reraemhering the lap ia negative, «^ 
draw the lines lor the opening and closing ot the porta iu the slide by tb^ 
expansion slide. 

By tarniog these round from the place where the cut-off is made b^ 
the main slide to any early limit desired, the range and throw, or range an ^ 
lap, may be determined. This preseutit no difficulty, and is simpler ths^ 
the caae of the common engine in which the expansion ecct-'ntric ia als^ 
turned round the shaft. 

On i>age 13G we give an iUnatratiou and deacription of the 8t«si]^ 
Engine Governor used by the Cummer Engine Company, of Cleve -^ 
land, O. 

Four port engiaea are the oldest type of vertical engines with popper^ 
valvea, and the lifting is usually performed by cams. The first attempt a' J 
eipansioti was made by tjtevena. The rock shaft holding the cams wrs-i 
moved by a rod from the eccentric; the end of the rock sliaft carried at^ 
arm with a pin tbereonaud the rod from the eccentrics, passing on thlspiii«3 
was slotted. By using a large eccentric, aet much ia advance, this rod ac «S 
quired conaiderable motion in either direction before the rock shaft wai-M 
put in motion, and the opening of the valves was made much more rap- * 
idly. As the cams could move down without any effect after the valve hflt»J 
seated, the closure was made earlier and alao more promptly. A drop card 
off wna afterwards devised by Sickles, and the steam valve stems wer«rt 
lifted by clutches and released at any point desired. This gear could b»* 
altered by hand while running. Pumping engine, No. 1, High Service ^ 
St. Louis Water Works, haa been given as a good <?xample ot this kind 0~^ 
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The credit of the Automatic cnt-off, or expansion varied by the gov- 
enor, must be nccoTdcd to Qeo. H. Corliaa, of Provideaoe. Rhode Island. 
He introduced a fotir port engine with twlftlng valves, addiDg various de- 
vicciS in the \raj of coQaections and adjastmeDts, until be secured & very 
Mpiil opening of the steam valve, and rapid opening and closing ol the 
eiliiiut viilves. The latter were permauentlj attached to, and m( 
the eiiien trie, and only by moving the ecceatric ol the ehatt and by chang- 
ing the lengtb ot the rods can any change be produced in their movement. 
Theiteaia valves were lifted by clutches, which met with a releasing piece 
Uiome point ol the opening determined by the governor, tbe earlier the 
futer; tbe mean effective pressure In the cylinder ia thereby reduced, the 
^wed lowers and is again increased. By a delicate governor these vari- 
Uloaii may be made utmost imperceptible. 

The undoubted gaiu made by these engines in the use of steam, is due 
lo (lie fact that the initial pressure up to tbe cnt oft is kept nearly that of 
the boiler, and that with the large porta and. quick opening valves the 
IWGk pressnre is reduced to tbe least poesible amount. The piston 
speed, number of revolutions, and steam pressure are all Increased while 
lie clearance is very greatly reduced. And, in fact the gain is due to a 
general fltnesa and afcilltul combination of things, all of which were 
good Id themselves, and whlob in no way disturbed each other, when 
Mmbined. 

The closing of the steam valves after being tripped has been caused 
1>J weights, by springs, by compressed air, by air of reduced presaure, and 
If Bteam, as well aa by combinations of these forces. The beet results 
hive been given in tbla country liy weight and vacuum tending to close 
Uie valve, with an air dash pot to take up the shock. 

it the eipiration of the patents covering Mr. Corliss' improvements, 
1 number of bnildera commenoed mafclog engines of almost exactly the 
•MOB pattern. Ot these imitations which contain very many improve- 
■nents, perbaps those built by Mr. Wm. A. Harris, of Providence, are beat 
known in the East, while those of Messrs. E. P. AUis and Co. , ol Milwaukee, 
Working from the designs and under the supervision ol Mr. Edwin A. 
Reynolds, have suited the requirements of the Western practice. 

To tak« an example of a four-port engine with pi^ipet valves we select 
Q)e western river Steamer "Montana," glvea on pages 119 to 121. The (our 
^TGS are moved by four came from two rock shafts, driven by rods from 
Mugolar cams on the shaft. The engines can be worked by band or not, 
M hill stroke, backward or forward, and at a flied cut-ofl never earlier 
^W one-halt stroke while running forward. 

A single cam on the shaft connected to the steam rock shaft is used for 
'becnl-off, white the exhaust side rookahaft is driven by the other cam. 
To nse full stroke this is disconueoted and the two rockshaf ts hooked to 
*otk together from the exhaust; while to reverse, tbe lull stroke cam ia 
liookea to tbe rock arm driving the exhaust on the other side. The rapid 
'^I'ements ol the valves in opening and closing are seen from the d la - 
PMas taken from the steamer "Phil. E. Chappel." Two cards are given 
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Irom the 'James Howard" shown with and without the nss of thecon- 
cletjser. The conrtenser was opened to tbe cylinder after the bulk o( the 
Bteazu tia<) been exhausted into the uir, say when the piston had moved 
one-tenth of the stroke backwards, the increase of proaaure found was 
about ten pounds or 10 percent., and the great size of condenser and air 
pump were reduced because little of the steam was left. It was found 
practically that the increase of tJie range of temperature between the in- 
coming and outgoing steam was enough to so increase the interna] waste 
that ao economy but a positive loss was attendant npon its use. 

Following the Corliss type of engine eloHely is that of Mr. Jerome 
Wheelook, of Worcester, Mass., which Is however, only two-ported. The 
ialv«8 are ol the Corliss pattern and two are used tor opening to ateam and 
lor oponing and closing the exhaust. The closing of the steam Is governed 
hy twu iitber valves of the same kind tilaced upon the steam passage 
Iwdjitg to the main valve^i, and moved from the main valves by olntcb 
'ink^ wtilcb are tripped by the governor. This engine has a fntnre, bnt aa 
l)nitt. It learee a separate eccentric for the steam and exhaust valves, and 
'S^Ueral Increase in strength, to be desired, the use of two eocentilos, 
""o for the steam, and one for the exhaust, valves, baa been followed In 
tbis conntry by the Atlas Engine Works, of Indianapolis, and Is generally 
"Mirable. One of the best frames made with the Corliss engine has been 
' ""ocliflcfttion of that used by Wm. Wright, in his four-port slide valve 
^Kiaes and has been adopted by Messrs. Smith, Beggs ,t Kankin, of St. 
Utxtia, 

l^be Forter-AJIen engine is a four-port slide valve engine with steam 
I ^Udes balanced and worked from a link, the position in the link of the 
'^'liOs rod attached to the valve stem being controlled by the governor; 
''be halanoed exhaust valves are worked from some dxed part of tbe link. 
*^''o engine is intended to ran at high speed both in revolutions and pis- 
'"n travel, and on this engine was first studied and developed the actual 
^'Qect of the weight of tbe reciprocating parts of the engine, tbe piston, 
*^^. cross-head and connecting rod. These pieces evidently have to lie 
**»rted on tbe stroke before any pressure from the st-eam can reacb tbe 
^■uik pin and main journal, and if they are heavy and the speed bigb, al- 
^oat uU tbe pressure of the steam upon tbe piston may be absorbed In 
'^Wting this dead weight. In any case the full force of the steam acting 
"^Iioii the piston is reduced before it reaches the crank pin. After tbe en- 
^Qti has passed mid stroke where this weight is now moving at its great- 
"^ ■l>eed we find that tbe steam pressure bas very much fallen if tbe cut- 
""be early, and that the inertia of the moving parts is now preasing with 
tbe Rtvam pressure against the crank. Thus tbe weight of tbe moving 
fiMoa leads to connection with the varying cylinder pressnres to equal- 
'xe tbe prensure, wear, and rotation. 

In some cases we have examined we found that the load on the engine 
I •■• »o light and the boiler pressure so low, the cut-off taking place early. 
j t'uder these conditions tlio crank pin was started entirely by the ily wheel 
I Mid tin, crank pin actually dragged from one end the weigbt which 

i 
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the ateam wrb pushing at the other. At mid titroke the st 
had fallen conaiderably niid the inertia of the weight now moving last di* 
tUl the work from there to the end of the stroke. This ol conrae is not A*' 
slrable, but It may be conaidered that to have half the initial preasn^^ 
transmitted to the pin, while half la taken up in moving the weight Ur ^ 
given oat again at the end of the stroke, la the best adjUHtment poemt^^^ 




VARIETIES OF Eyr.INEH. ISB 

Tliis, ol ouiirse, can only be done for ono xpeed and steam preasiire by 
properly deBiguing the weight, aod avernga resutta only can bo readied. 
This action combined witb tlie liigli rotutiou apeed on the Uy wheel 
nnses these engines to run with whiit appears to be a aimply marvelous 
HoiootlinesB. and the quick octiug governor mtUntalnB the speed, chaug- 
t height nnder variations of revolution which are too email to be 
othemiHe noticed, ninstrations of this engine are given on pages 167 
9 187. 

Among stationary engines in England, by far the most common type is 
I Ibat of a slide valve with an eipousion slide on the back, and it is the most 
on type in Enropa. The arrangement la very often used with small 
^ffines. as small as those with 8 inch cylinders, without means of vary- 
■"8 the eipanaion, and with the speed regulated by a throttle and govenor 
■^ iiHtial. In the United States, on the other hand, this form (non^adjus- 
'*'*le) is rarely to be met with. While the use of an eipansiou slide 
'ailed by hand is by no means common, a very neat type is made at 
. Pa,, of the claos in which the negative lap is varied by a right 
****1 lelt hand screw and handwheet projecting from the end of the steam 
|^i»e»rt. By this wheel the eipanaion can be changed while the engine is 
"waning. 

One of the neatest automatic, or governor, expansion gears, is 
'*iHt of Eider, of the Delamater Iron Works, New York City. The back of 
*^c lualn slide is hollowed into a part of a cylinder whose axis is the centre 
*^' tlie expansion slide. The lap edges of the expansion slide and steam 
^^Kes of main slide are tapered in such a manner that by rotation ol the 
^Xl>ansian slide the lap is changed as in the ordinary manner. This rota- 
^lot^ is accomplished by a spindle uttached to the govenor, gearing into a 
*^«5tor on the valve stem. 

When an expansion slide is nsed in oonnection with a link motion [or 
"'« main valve, in many cases the expansion slide is driven by its eccen- 
^fiti M-t opposite the crank, and change of cut-off is given by change of lap 
^i^fl a right and left hand thread and handwheel. In snch cases the link 
'^ tuimlly worked full-gear only, and the cut-ofi applied after the engine 
'■> \a motion. The lap la negative. 

A more common form with large engines, where the weight becomes 
'■krder to handle, is to cut intti two parts the expansion valve rod and to 
oonneot one of them to a hnk, making the other a radiusrod pinned to the 
rtlve stem, and working with slides in the link. The position ol the 
lUder in the link is determined by a screw end Jiandwheol. Thus n 
ehaoge of travel is effected in the expansion valve. The diagram is 
readily constructed, and the results are good, but the steam chest has to 
t« made longer than would be otherwise required, 

K mure complex arrangement is found in some CEises with the link 
fflotioUi a third eccentric and second link being added. The second 
link is attached to the expansion eccentric at one end and the main 
valve stem at the other. The expansion slide ia moved by Its valve 
st«m. and either by a radius rod and link curved to tit the radian 
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rod, or by a doable cnrved link. This combination of links can be 

sketched as follows : 

A is the orank, and C the shaft centers. B^ D, and E are the virtual 

centers of the three given eccentrics, while F is the virtual eccentric for a 

given position of 
the main link, and 
O, on EF, dividing 
it as the expansion 
slider divides the 

^ '^' (^ I -' -^' second link, is the 



n . 




virtual eccentric 
driving the expan- 
sion slide. 

The diagram 
for the cut-off is 
then readily constructed from these two virtual eccentrics by the ordinary 
methods. 

The use of this class has been confined as far as we are aware to the 
beautiful marine engine of Messrs. Herreshoff, of Bristol, E. I. 

An automatic engine built under patents of Messrs. Armington & 
Simms is a good example of neat and careful design. The engine is worked 
by a piston valve, and the governor is like that of the Buckeye and many 
other engines, a pair of weights attached to the main shaft. But in the 
Buckeye the governor acts only on the expansion valve eccentric, pulling 
it ahead on the shaft if the speed is increased. In the Armington & Simms 
engine the pair of weights flying out pull on what may be called a compound 
eccentric. This compound eccentric is the peculiar feature of the engine; 
the ordinary eccentric, loose on the shaft, carries instead of the usual 
strap, a second eccentric with about one third the arm of tlie first. The 
Height is a heavy casting, pivoted at one end to the governor disc; at the 
free end it is connected to the lugs on the inner eccentrics, and at its mid- 
dle to the outer eccentric, but on the other side of the shaft, the result 
being that the eccentrics are pulled around the shaft in opposite direc- 
tions. The effect is that the outer eccentric centre changes both in angle 
and in arm, very much as it is varied in a more simple manner in the 
Westinghouse automatic engine, already illustrated. The rest of the en- 
gine requires no comment. 

With large cylinders the valves become large, but while the steam 
port edge which regulates admission increases with the diameter, the 
Tolome to be filled varies with the square of the diameter. And in order 
to give length enough, the only way it can be increased, the edges are 
often doubled, or the body of the value cored with passages to the exhaust, 
while steam is admitted from the sides of the value to the additional ports. 
When the cylinders are large these valves become very complicated, and 
are matters of special study. 

Locomotive and portable engines assume special forms but the only 
real difference is that boiler and engines have to be so attached as to move 
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togetber. The locomotive baa always two ojllnders,* operating u 
orankB at right angles, and carried on Irom four to twelve wheels, 
which from two to twelve have the Banie diameter and are coupled 
gather thus acting as driving-wheels. The remaining wheels are sniH^ 
and act only as b<;aritig wheels. The wheels are set with bearingui 
frame to which the cylinders are firmly oonnected. Upon this frame is 
the boiler and its appurtenances. The water and fuel are carried in so 
forms upon this frame, but more usually upon a separate frame and whe- ^ 
called the "tender." 

Tbe engine pmper la the pair of oyliuderH with their connections 
the wheels and the valve gear back from the wheels to the steam. XL"*-^"" 
valve is almost always tbe tbree ported slides driven by a link motion. »i«:-^* 
there is no difference whatever in the use of steam in the engine itself troac*"*''* 
any other engine of the same type. Tlie number of revolutions it at tim> *-*^*'''*j 
high, and the piston speed great, but tbe engine is rarely kept at ha*^^**"^ 
work for more than an hour at a time. _^ ^ 

Cylinders are used up to 24 inches in diameter while tbe stroke is raret 
over 26 inubes. A few engines tor tbe Central Pacific Hallway have a 3(.:»*^ 
inch stroke, and have an expansion slide on the buck of the main slid^ 1 
but such engines have been tried before and tbe only gain is likely to b'=' 
that due cJeBTanee, for nt slow speeds and late cut-off the eipaDsion valv*'"^ 
adds nothing; while at high speed and early out-ufl the cushion prDduc«»^ 
by the link motion and single slide is foond to be essential La iednoiuK*= 
shock and increaulug durability. And it may be sale to say that no others 
than the single slide in some of its forms, driven by the link or kindrocv^ 
motion, is likely to be used; for in spite of many attempts to improve it^ 
George Stephenson left the locomotive as it stilt remains in all essential o *~ 
points, and that the only Improvement worth noting is the addition of th^v ^^^ 
automatic air brake wbicb may be called the most important adja 
railway train service after the locomotive. 

The varieties ol engines and cut-off gear are almost endless, bnt wo- 
have endeavored to reslrict ourselves to the ordinary and weU-detlaed 
successful conc4ruotians. Now patterns are being used every day. and we 
have omitted a number of beautifnl and apparently successful forms. '^ 
manufactured by well-known builders, wholly because they have only 
been in operation for a comparatively short time. 

•The London tod NortbweBtern lUilway, Boglaad. tikTS bnllt a number witb IhtM 
oFllQder* wbtcli bare been very BocceBatnl, soil the Boatoti and Albsnv la bnildlmt on« 
wltbronrcyllDden, both of thene canes beingoamponncl engines. Mr. FslHie and otbel* 
bare built loDomotlvea with tour cyllnilerB. which were, bowcier. properly ntrfiaWtir, 
dnplrx locomotlyeB. 
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THE BUCKEYE AUTOMATIC CUT-OFF ENGINE. 
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r flsDRea, oim 



Two iFvers. a a. Kieplvoted to thearniB ot the ooD Mini iiji n 
■B aC b, wMle the movable ends are conneoCed by ll&kfi B B. to 
B]««Te a! the Iodbi eocentric. V. so that tbeii outward moTemei 
IrltoKil toree, as Indluated by dotted lines. advaDOeH the eccentric toiward In tbe d 
Hon of rBToliition. SprlnitB, F F. of lempned steel wire, fumlah the oenlrlpeUl fo^^"W. 
The tenaloD oE the ipriDBs li> Bdjnsted by a screw at {\ The proper Bpeed Ib oblainw' -^ *'^ 
addlnKmoreoTleea wEiHht at ^. or within certalD llmlta by ithlttlQK the welitlit> il 
the leren. Tbe case, wblob la made In halre*, la clamped to the Bhaft bv pinch boUt— 
The aprlDR cllpa. d. are adjoatable alaatt the levera. Tbe parts are sbown ti 
BToper position (or motion In the dlreetlon of tbe arrow; tor motion In the op(OiM 
direction, tbe levers are pWoted to tbe olhei arms of the ease and the ■prlnpu 
reversed. 




a. B>U-bBid<^ Stad. <{. 1 
Link, b, Hardened (terl bt 
j, by bolt. a. v, 0«p. lo Borew clown solid. 




Crou bi?md In Id haWeii, plaOhHl 
lirmd of plBtoD rod. a. by bolta,//. 
e. Tonine Olbs. cl. WedRM. f 




c. Hole Id Cnuk Plo. '^ T 
with c. a. Bill to reoslTc oil; n, bcinE 
tbe oil is fed Into tuba by the centrtraiial 



Varieties iiy esqinrs. 



THE BUCKEYE AUTOMATIC CUT-OFF ENGINE. 
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THE BUCKEYE AUTOMATIC CUT-OFF ENQiNE. 
Son DcTAUA or k W" X iff' Bhohib. 




THE BUCKEYE AUTOMATIC CUT-OFF ENGINE. 
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THE BUCKEYE AUTOMATIC CUT-OFF ENQINE. 
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THE BUCKEYE AUTOMATIC CUT-OFF ENQINE. 
Bona DBTAIL8 or A 10" X w BHom. 




16S l^TKAM rftl^■G: 0/1, STEAM EXGIXE PRACTICE. 

THE REYNOLDS' CORLISS ENGINE. 
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THE REYNOLDS' CORLISS ENQINE. 




END VIEW OP CSLINDEB, ETC. 
ShowtoK >mD(temeat of Vilve Oe»r tor M" x 48" 1 
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THE PORTER-ALLEN ENQIME. 
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CHAPTER V.' 



THE ALSATIAN 



Report on a MeMom Prbhenteh bv M. 0. HAi.i.ArEB, cpo 
Enciineb." Bv M. Keli4ER. 

The workotM. HBllaueria, as its till? suggests, Bstiidy ol tbecconon^ 
influence of tlic rtegreo of eipBnaion (point of cut-off) in various types*' 
steam e&ifines. It tends also to support bj anoI.VHes. more and tao"* 
numoTouB, the conclualona ot the last paper of the autlior— the equality *^ 
the matter ot industrial consumption ol simple and componnd englB^*' 
the advantage being rather on tlie side of the former. 

It is divided into three parts: ttie first comprises researches rclnlive 
double cylinder engines; the second concerns single cylinder engln^^' 
and the third aiimit up und <^omparcH the results obtained. We will foUc^^' . 
M. Hallauer successively in the order adopted by liim in the study whicl^^ 
occupies U8, via., ilrst, the componnd, then the simple engines, and, aua>^ 
rning up tor each type, we will conclude upon the whole work. 
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yi. Hallauer states, first, all that has been said iMMicernlng the ad'-'' 
vantage!" of this system, and after discussion arrives at tlio conclusion^ 
that the only rually serious consideration, "a priori," whiob cannot be-^ 
gainsaid, and which stands in its favor, is this: 

That the difference of force at the commencement and at the end ot 
tlie stroke is smaller than tor other types of engines, and that, in conae- 
qaence of this better distribatiou the running ot the machine is much 
smoother. lu regard to the useful effect ot the compound engine, the 
brake experiments, eiecnted under the auspices ot jour mechanical com- 
mittee, have showu that the 'Woolf engines absorb more force iu them- 
selves than single cylinder engines, a result easily foreseen. 

Fussing then to the study of the influence of the cut-oft in the small 
cylinder, U. HuUauer commences by verifying the results obtained: 

First. In a series ol experiments executed by himaeU in 1877 with a 
"Woolt" beam engine, at Monster, which was made ut the shops ot tlie 
AJsntian Society for the Construction of Machines. 

Secarul. In the experiments executed In I8Tij, under the auspices of 
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your Mecbanloal Commitl«e apon a horisDntal 'WooU" engine of tlie same 
make, wliicJi appeared in the ItnUetin for J lUy- August, 1877. 

Third. In those exeouteii in February, 1877, by the Alsatinn Associa. 
tioii of Steam Owners upon &n engine at MalmerBpnch built by the same 
company, but provided wfth a variable expansion in the small cylinder, 
controlled by the governor, and provided by the machine company of 
Bitachwiller.Thann. 

FouTih. In the experuuents executed at SI. Remy by M. Quern, and at 
Boiieu by the Normandy Asaociation of Steam Owners, npon two "Woolf 
beam engines, from the shops of Messrs. Thomas A Powell, of Rouen. 

Having discarded the experiments of which the verification is not 
exact enough. M. Hallauer determined the consumption of dry saturated 
steam per hour, aud for each absolute horse.power, per indicated horse- 
power per hour, and per effeatlve horse-power per hour, based upon 
the sum of the calories* brought into the cylinder by the st«am and 
water leaving the boiler; in other words, sulistituting for the entrained 
water the quantity of Hteam which could fiimlHh to the cylinder the same 
number of calories which had been brought by that water, and taking 
account oE the calories left in the jaeltet by the steam which was con- 
densed therein. He pasaea then to the analysis of each experiment, and 
determines the quantity of steam and water contained at the end of admis- 
sion and at the end of stroke; the variations of the internal heat, and An- 
ally of the cooling in the condenser Re4 This cooling is verified by two 
different methods, already explained many times by Ht. Hallauer in your 
bulletins, 

I should stop a moment to say some words upon the verification of the 
cxperlmenljs. 

M. Hnllauer's very elegant manner of operating has already been given 
in his last work. However, I believe it is not useless to again speak of it 
here in order to clearly comprehoud its importauce. 

When it is desired to render an account of the quantity of steam ex- 
pended during a given time by an engine, the water (ed to the boiler is 
measured. This quantity of water, augmented or diminished by a weight 
ensllj calculated, according as the level in the boiler la higher or lower at 
ttie end of Ihe eipeTlment than it was at tbe beijinning, gives the quantity 
of steam used. A method given by M. G. A. Hirn, and many times 
described in your bulletins, permits the determination of the proportion 
Of water entrained with this vapor. This oonstitutes the direct gauging. 
Which is verified by the following method: 

Knowing tbe weight of water and of steam leaving the boiler and the 
pressure of steam therein, it is easy to determine the number of eolurlCH 
bfought to the engine per stroke. This number of calories, diminished 
by the external cooling and the heat absorbed by the work done, should 
be equal to the number of calories absorbed by the water of condensation, 
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It quontltj obtained bj gsagiiig the water leaving the condecser, swl 
meoBuriDg the iritial Olid floiU temperaltire. The manner ol operalloE liM 
been many times described. The difference between the number ul 
calories brought to the engine diminished by tUe worb done and byei- 
temal radiation, and that of the calories found in the condenser divliW 
by the total number of lialoriea, gives the per cent, of error whidita" 
been com mil ted, 

A word alBO oonoerning the terra "obsolnto horse- power" which li»a 
not alwnys been easily nnderstoud. 

Thu fine work of M. Hirn has shown the enormous iuflaence oi tlie 
sides of the cylinder upon the action of the steam therein contained. 
When two engines of dilTeront types and dimensions are compared, or the 
work of the uiime engine under varying conditions, it is the InDuenoe ol 
the internal Hurfaces which should be determined to render an account of 
the manner id which the steam is utilized in each experiment. Bnt what- 
ever system of conddnaer is used, the influence of the Internal snrfacea 
can only vary little; but on the other hand. tJie Taouum may vary witttin 
wide limits, and consequently the indicated work. The variable vaoaam, 
being a point to be considered if one compares engines by their indicuted 
borse-power, can falsity the comparison. We are then forced to suppose 
that engines, presented for comparison, are furulslied with an ideal con- 
denser lEeeping a perfect vnuuum behind the piston, and to compare be- 
tween the engines an account of the work furnished with this perfect 
vacuum. That is tlie work which constitutes the absolute work ol tlie 
engine, and it is the consumption for this absolute work which permits 
the comparison between different engines or of different conditions ot 

It is well understood, lor the rest, that from the practical and 
indiietrial point of view the better the condenser the better (he re- 
snlts: this is the affair ol the builders, but can have little influence 
upon the manner in which the steam comports itself in tie interior of the 
cylinder. 

The absolute work Is then the term to be employed for compariaon ot 
two engines of different types, or working uuder difiereul conditions, bnt 
the effective work will be always the term of comparison to be emplojred 
from the industrial point of view. 

This stated, 1 sum up in the following table the results of the veriScR- 
tions aud analyses of M. Halluuer. and with him I arrivt; at the deductions 
shown. 

The esperiments executed upon the engine at Miinater, In which the 
variation of work is obtained by throttling, give as the difference of con- 
sumption per absolute horse-power per hour for the extremes of work 
3 per cent., and this represents the effect of throttling. 

In passing to the effective horse-power per hour, the economy is much 
more considerable, aud reaches 20 per cent., which shows the influence ol 
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the baok pressure measured with the work done, and the coefBcienl n' 
Iriction which augments in the sume circum stances. 

M. Hiillan<!r lioa then reached the eoacluBJon in his preceding «i)it 
that the most simple process of regulation Is an eipansiou valve Tegolstrf 
bj haud aad the governor throttle, the control lijtaand being n»ed lor Use 
larger vuriationH and the throttle lor maintaining the tipeed unllorni io 
apite of the minor variations of work whicli may occur every inittttnt. 

The author qIro eiplaius hj simple consideration a, based always npo'^ 
the action of the internal anrlaces. some apparent anomalies which le^ 
to occur in the esperimentB. I will not enter into these detsils. *^^ 
would compel us to present the entire work, they all prove that the pra«5* 
cal theory pointed out by M. Him and applied here by M. HallBuer. V^^- 
mitstbe explanation of all the phenomena which take place in the inter^ 
of cylinders. After having studied the condensation and evaporation 
the luteriorol the small ajid large cylinders, and noting the marked diS^-^ 
ences which occur from an eipanaion more or less prolonged in the am^*' 
cylinder, M. HaHauer reaches the important conclusions whioh toUo*""^ 
and which I sum up under a slightly difEerent form from that which t;'' 
has adopted. 

1. Oiven a boiler working at 5.5 k.* of pressure, for instance, an .'^ 
n "Woolf " engine which can furnish a maiimum work of A horse.powei** 
there is a possibility ol obtaining, industrially at least, 10 per cent, econ -^ 
oniy by cut-o9 in the small cylinder, instead ol throttling down the stean*^ 
at the times when, because of circumstances, the engine has to snppl}^-- 
only the half of ^l horae-power; this economy will be diminished by tli^^ 
measure in which (he work approaches to A horse-power. 

2. The engine working nearly to its ntaximum capacity, there can- 
be produced by throttling a variation of force of 10 per cent, witliont 
any marked change in the economic regime. 

We see at once the importance of these conclusions, and in reality, 
there are tew "Woolf" engines working at full power; furthermore, some 
builders of our district, when they fniuish an engine, declare it at less 
than one-half the power that it really is. 

Thus, an engine sold at lUO-horse power oan ordinarily furnish 200- 
horse power without reaching its maximum. This mode of operation boa 
practical advantages, but it ia none the less trile that when the engine 
only gives lOO-horae power, thanks to the throttling, it oonaumes 10 per 
cent, more than it would have consumed if the work of 100. horse power 
had been obtained by admitting full pressure and cutting off in the small 
cylinder. 

I do not agree with M. Haliauer when he recommends s cut-oR vari- 
able by hand. I believe that from the practical point of view a governor 
cut-oflf works better, tor it disposes of the neglect of the engineer, who 
may not be able very well to give the desired cut-oS the moment that it 
should be applied. We have nearly always observed that an antom&tlc 
eipansion procures a more regular speed than a governor throttle. 
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EtS.. Hallaner proceeds lor these engines as he did Tor the compouad 
gine. He flrat verifiea the experimenUi upda which be rests; then be 
anslyzes tliem. 

The documents which have served tor this study resulted from the 
loUowing experiments: 

F\tsI. Those executed under the auspices ol your mechanical com- 
mittee in April and May, 18TS, upon a Corliss engine, constructed by 
HeBars. Berger. A.ndr(' &, Co,, of Tbann. 

Second. Those undertaken In 1873 and 18TS liy Messrs. Hallaner, Qros. 
seteste and Dwelshauvera-Dery, nnder the inspiration ot M. G. A. Hirn, 
and eiecuted upon an engine deprived of Its jacket, and worlcing with 
superljeated and witla saturated steam. We group the results of the veri- 
fications and analyses In the table tvhlch follows. 

The examinations of these results show: 

First. Thot lor the Corliss engine, with steam jacket, there is a IbeO' 
retical economy per al>salute horse-power of 1 ,"„ per cent, when the cut- 
off ia changed from J to ^^, but that industrially, this economy disappears 
and changes sign, and there is a practical gain per effective horse-power 
of 41 per cent, by working at J cut-off in place of ,'[. 

Second. That tor the engine, without jacket and without snperheat- 
tng, the economy furnished by tite cut-off is much more considerable than 
the Him engine working with saturated ateam, and that there is a, theo- 
retic gain of 7.4 per cent, by changes to cut-off ) from i, and that, indus- 
trially, this economy remains at 4 cent. 

Third. In taking acconnt of the difference of superheating, the ei- 
perimentB I. aud II. (106° C. and 231° C), eetablisli the tact that the in- 
fluence of the cut-off in the unjacketed eugine, with superheated steam, 
remains as it did with saturated steam. 

Experiment III., with superheated steam, shows still more the great 
economy of the cut-oiT in these circumstances, where one passes certain 
limits, for between admissions of ) and | there is 16 per cent, economy, 
which would have been more considerable 11, in experiment I., wo had 
worKed with the same superheating as in experiment III. 

Fourth. In the Htrn engine the experiments with saturated steam give 
at the end of the stroke the same weight of water, 0.0!)40 k.* and 0.0027 k., 
and the refrigeration is also the same, 37.63° C. and 37.02° 0., while with- 
ont any jacket the same weights of water gave tlie same values ol Re. For 
the Corliss engine, on the contrary, the weights of water differ at the end 
of the stroke, 0.0298 k. aud 0.0398 k., aud the same refrigeraUon, 11,2P C. 
and 11.15° C, results showing the steam jacket. For experiments II. and 
III., with superheating, the weights of water at the end of the stroke are 
0.0367 k. and 0.0373 k., and the refrigerations IG.ei" C. and 20.34= C, a dlf- 
e which should be attributed to superheating, for in the same con- 
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^BJUoDB saturated ateom rejeots beat in tlie condeiiEer nouurding to the 
^HniRht of water evaporated at the eud of tlie stroke. This sbuwn tbat 
^Hsperbeating acts in a diCFerent manner from JHOketing. 
H Analyzing the ToriationR of internal bent in the vaTiotis experiments 
before na, and the values of the refrigoratioti in the condenser which re- 
Bnlt from AiHereneea of cnt-off, according as they work witii or without a 
jacket, and with or without superheating, M. Eallauer comes to the same 
coaclnslon ao to the diHerent modes of action of the jacket and super- 
heater. The jacket actn more energetically than the superheater, and sim- 
ilarly during the period of expsBsion, but becomes disadvantageoue dnr- 
lug that of condenaation, for then it furnishes heat to the water which 
lines the internal surface of the cylinder, and augments that rejected 
into the condenser, which la not the case with superheating; this renders 
the latter more economical in most cases. Examining, then, the theoretic 
economy, and comparing the consumption per absolute horse-power per 
hour, the industrial economy and the amounts per effective horse- power 
per hour, the author agrees with M. Zenncr that large eipanaions arc 
eoonomioal from a theoretical point of view, and with M. Him that the 
^xsverae is the case from an industrial standpoint. 

^^L Thus the conclusions of these two savants, which bad the air of con- 
^^pBdictlon, are found to be in accord, taking account of thu different cou- 
^Rlderationa which guided them; the one, M. Zenner, liavlng made a gen- 
eral study of steam engines based upon conditions non- realizable (non- 
conducting internal surfaces of the cjliuder); the other, M. Him, on the 
contrary, having studied them from the industrial basis, and taking 
account of the action of the internal aurfacea and the work done in 

[:; 
The close of M. Hallauer's work includes the comparison of compound 
simple engines; still taking the analysis of the experiments which 
'ed for the two first parts of the work, he restates what he understands 
by absolute, Indicated, and effective horse-power. 

The absolute work is the work which would have been given by the 
engine with an ideal condenser, making a perfect vacuum behind the pia- 
^^on, — the theoretical work.' 

^^ The Indicated work is that furnished by the steam upon the pistons; it 
^^Belndes the influence of back pressure; — it is the work which the dla- 
^Hpuns traced by the indicator enables us to calculate. 
^^" The effective work Is then the work industrially disposable; it takes 
account of the back pressure and the friction of the varions parts of the 
engine itself. 

That stated, we have two of the verified experiments: one executed 
BHpon the Corliss engine, cutting off at {, the other at i. 
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engine, outting off at ,^, in whioli tlii.- figures 
cloaelf SB possible. 



upproacli each otlinfl 



Water contained st the end at admliwlDi 

Dlflerenoe ol InlCI&l and flail lieat 

Rejected In oondeoBer 



MA ;23,', 



The coiuparison ol these two experiments brings as to very inter^^^ 
log conulnsions. 

A phunomenon to be flrat noted for the "Wool!" engine destroys u Ii^^^ 
ides held liitherto: that for the double-oylindcr engine a portion of ^^ 
foroti 1b withdrawn from tlie cooling influence of the condenser. 

In reality, in tlie small cylinder the expansion from boll stroke S^^^^^ 
place to an evaporation of 10.6 per cent, of the weight ol water oootain^^"* 
at the end of admiasion, »nd the internal heat increased much more ra^^^ 
idly than in the Corliss engine. Then the mixture of steam and wat«^^^ 
passed to the large cylinder with J:i.l per cent, of water, and in place ^' 
the evaporation continuing In tlua cylinder there was, on the contrar^^^ 
condensation, In spite of the Jacket, till at the end ot the stroke 4.S p^^^ 
cent, more water vaa deposited than st the end of the stroke In the sma^'"* 
cylinder. This shows that the great condensation at the moment o^*^ 
entrance into the large cylinder is strong enough, in spite ot the jaoket^^ 
that all the Htettm condensed in the large cylinder, and that which ba^>^ 
come from the small cylinder, cannot be evaporated. 

In the Corliss engine, on tUe other hand, there is a continuous evapo— "^ 
ration till the end of the eipftnsion. We see that the Influence of the^ 
large cylinder in the case of expansion, commenced in the small cylinder, •^ 
does not always tend to lessen therejected heat, but, on the contrary, may 
soinetimes augment It, which is the rcTerse of that which has been hith- 
erto admitted. 

The conuumption of dry saturated steam per absuliite horse- power per 
hour gives the theoretic economy realized by the one or the other motor. 
It we compare the consumption of the Oorllas with that which it would 
have had with an expansion of 13, which is that of the "Woolt" engine, 
tor the experiment with which we compare, we And tbat the theoretic 
economy is 4 per cent, in favor of the 'Woolf " engine; but the influence 
of the back pressure, and still more that of the friction, reduces tliia 
economy when we pass into the industrial domain. It then changeH sign, 
and we And that the practical economy becomes i^.T per cent. In favor 
of the Corliss. 

Comparing, then, the borizontal "Woolt" engine with the Corliss, and 
taking account ot the Inck ot compression in the former, M. Hollauer flnda 
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again a. tbeoretio ecoDomy ol 1 per ceut. fur the "Woolf " engine, but tbat 
economy aXao {Itsappears in practice, and the Corliss becomes industrially 
snperior by 9.05 per cent, to the horizontal compound. Meanwhile, con- 
sidering the eonstrnutloo of tills latter, Hie difTeieace tails to 2 per cent., 
tnd then the horizontal 'Woolf engine (■onsumes only 6.8 k. of dry 
■aturated steam per effective horse-power per hour, wbiuh is the smallest 
oansumptioii at which we can arrive by u careful construction ot condenser, 
a very strong compression. In closing, M. Hallauersains up in a table 
the consumption of steam per horn pej' horao-power, absolute, indicated 
ud effective, adding the consumption per effective horse-power per bonr 
* Of coal, on the basis of an eraporation ot B. 

The table shown that the various types ot donble cylinder engines con- 
J nune trom 9.1 to 9.5 6. of steam per effective horse-power per hour; the 
LOorliss, with cut-off J, only uses 8.6 k., while the Him engine, with snper- 
K4eBted steam, and \ cut-off, only uses 8 t., or 17.6 pounds. 

ip: The work ot M. Hallauer, wliich Is one of those laborious 
nd conscientious studies to which he has so long accustomed our soi^iety, 
I atiove all very remarkable in its conclusions oa'l tends once more to 
3 the impossibility of stating anything with precision concerning 
steaiO'engines, if one does not rest on verified experiments of esistliig 
^D^nes. 

"We have l>een compelled In this summar; to leave untouched many 
a_nteresting things, aiming mainly to unite the divers conclusions ot M. 
Xlallaaer: but all parties concerned In steam-engines will certniiily And in 
.Xsis work exceedingly useful mateilal to serve them in many circumstances. 
"VTe ore cognizant of owing many thanks to M. Hailauer tor all these inves- 
'fcigations which demand so much time, patience, and reQeetion, all of 
~^hicb he has not been sparing in this his last memoir; you know, for the 
:vGst, what he is accustomed to do, liy the numerous works which he has 
. .^alreudy presented to our society, and of which this lost gives the most 

fteresting practical concltisions. 



H A Steah Ekciine.— a Mbhoib, Pbbsentevd by M. U. 
Hallaubh, Relating to tbe Expeeimektb Direoteu by M. G. A. 
Hies, Exectited iiv M. M. Dwelshauvess-Deby, W. QBOBSETEsTe 
AKD O. Hali^aiteb. 



In his recent work on Thermodynamics M. Hirn describes the remark- 
aible progress that the judicious employment of the principles ot this new 
Kclence haa brought abont in the study of heat engines, at the same 
"time that it shows that variona edifying theories were far from the reality; 
finally it proves with evideuee the impossibility of general theories. 

If we take up this question so fully treated by him; if we analyze one 
after the other the experiments made under his direction ; it is to the sin- 
L ^e end, as be himself has well said, 'of shunning the numerous blnndcrs" 
k at practical men who have wished to pursue such studies; and it will olao 
Q how we have obtained an experimental solution of many Important 
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problems uot yet studied, so that we oan enoonrage engineers on a track 

HO fruitful ol results, lor we are certain tbat reaearolieB of tbis nature lead 
to one nsetul end. the reduction ot fuel. But in order thnt this memoir 
may serve qb b guide in new work, it la esaeutini to give here the method ot 
experiment so happily iiiaugurated by M. Him and so often described by 
him. 



;li verticAl i^^^^ 



The engine with i*hiob we worked was a beam eugine, witli verticAl 
jacketed cylinder and four valves, two for admission and two for exhaust. 
A differential movement of the two cams which worked the admission 
permitted us to vary the angle at will, and, consequently, at varions de- 
grees following the needs of the experimeuts. The steam brought to the 
cylinder immediately on leavlug the boiler passed through many tubes. 
ot cast-iron, placed behind the boiler in a speolaJ chamber where the aim- 
pie movement of two registers brought in the hot gaa. The ateam carried 
with it a degreeofeuperheating which ranged from 105° C. to23I°C., while 
it could be brought to the engine in the state it left the boiler by chang- 
ing the registers to give direct passage to the pipe. The oonsequence ot 
thie analyais will lead ua to see that M. Him in constructing the most 
practical engine actually known, has also made a veritable instrument of 
precision tor researohes in experiiuental physics. The dispoaltioDs, lu sim- 
ple, as Ingeuioua, which be adopted to assure the exactness of the opera- 
tioDS have served in most cases. 

Obaervaliotia Tnlten.— These are grouped into three distinct aeHos: the 
measurement of the water consumed and rejected from the condenser, 
those ot temperatures and the work. 

1. The quantity of steam that the engine consumed was obtained by 
direct measurement; the easiest made the water for the feed pump 
flow through a reservoir of constant known volume, alternately fllleJ and 
emptied. If the water level in the boilers Is noted evening and moming, 
and account taken of this difference of level, the only precaution neces- 
sary is to ascertain by hydraiUic pressure that no leaks exist in the boiler, 
superheater and pipes. The total weight of feed water passing the gange 
tank divided by the uimiber of atrokea, R, during the day, gives us the 
water couanmed per stroke, M. 

That rejected by the air pump is also gauged, but differently. At the 
outlet a pit of masonry is arranged: its capacity at different heights was 
determined by putting in known weights of water, and at the bottom of 
this plate a copper plate was placed, pierced with a circular orifice U.OG m. 
diameter, out of which continnaUy flows, under a head ot from 0.6 m. to 
0.8 m., the water brought from the condenser. The discharge of this 
orlQce is found experimentally by closing it tightly by a stopper, filling 
to a known height and noting the time it takes to lower each 0.1 m. 

Let 8 bo the horisoutol section ot the pit, a the area of dlsoh&rge, g) 
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n an unknown ooeffloient of contraction, h the head above the centre of 
the orifice, and i the time. We then have: 

— 8dh = nsdt V^gh 
2 S^ W'H^ — VH,) = 918 TV2g 

nsV2g = ^^WH,- VH,) 

This gives at once na V2g when the time T is noted, while the level 
falls from H^to Hi. 

The volume of water, or the weight rather, running out under head 

H, is // = (TW y/2gj y/£t. 

During the days of experiments we noted every fifteen minutes the 
heads Ao, ^i, h^. . . these varied little and 



N 



' ; or, more simply even 



whence // = (n« V2g) y/hm ± -- ^^-"^ 

hj and h^ are initial and final heads of an experiment whose duration was 
T, If in this time the engine made B strokes the weight of water rejected 



per stroke was 11^ = 



II T 



The injection per stroke was II— M, 



We give in tabular form the values obtained in eight experiments, 
each consuming an entire day: 



TAJBLE I. 



DATS. 



Nov. 18, 1873 
Nov. 28, 1873 
Aug. 36, 1876 
Aug. 27, " 
Sept. 7, " 
Sept. 8. " 
Sept. 29. " 
Oct. 28, " 



Snperheat'ng. 



281" 
none 
216° 
223*» 
196" 
none 
220° 
220° 







Expansion. 



4 
4 
6 

2 throttled. 
7 
7 

2 throttled, 
non-condens- 
inff. 



Weight of 

Steam 
Consumed. 



0.3066 
0.3732 
0.2661 
0.2822 
0.2240 
0.2634 
0.2266 
0.2716 



Injection 
Water. 



9.3600 

9.29176 

8.7291 

8.6983 

8.7384 

8.9132 

6.9810 



2. Temperatures.— Faxt of these are noted directly, but with different 
instruiftents. To arrive at the superheating a good thermometer is simply 
placed in mercury in a copper pocket open at one end and closed at 
the other and let into the steam pipe ; this measurement is easy to 
obtain. 

The rise of temperature of the injection water in the condenser neces- 
sitates a more careful measurement — a special thermometer known 
idready to the readers of our Bulletins, the differential air thermometer. 
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The practical arraugemcDts tliat M. Hirn brougbt abont this instmrnent 
permitted theobtjiiniDg totheflttietli ot a degree the increase in tempera- 
tore. We will only indicate the method of prooednte with its nae vitbaal 
entering upon any detailed account ot the construction ot the instminMt. 

Two thermul reservoirH Blled with pertectlj dry air, connected to indi- 
cating tubes by capillary copper tubes, are both pUinged into the cold 
injection water and put, by opening three-way valYee with which Uie^ 
are fitted, into commnnicatlon with the external air. The temperature c^ 
the cold water is also noted with a good luerowial thermometer readied 
to the tenth ol a degree, also the diviaions where the indicating liquid '^ 
the pressure tubes stopa; finally, the height ot the barometer. A tnriL " 
the three-way valve closes the connection to the external air. whlli^a »" 
leaves open that between the reaervoirs and indicating tubes ot the apj^^^V 
ratna. Placing then one reservoir In the cold water brought to the inj^^^ 
tion, the other in the warm water rejected, we note every quarter ot .- 
hour the heights ol the liquid, The averages tor an entire experiment -^ 
day tire transtormed to degree, centigrade, and give l>y their diSerenoe tC- -^ 
rise in temperature ot the wuter dnrlng that duy. The formula (or t^^' 
air thermometer is aa follows : 

Let fi=height ot barometer at start. 

i=temperatare of cold water at start. 

B'^mean height of barometer during the day. 

i=temperature sought. 

jsCoelBcJent of dilatation of the reaervolr, uanally copper. 

o=that of the air. 

jiz= " " " indicating liquid, 
stemperatnre 






V'=Tolume ot reservoir. 
ah= " " liquid moved i: 
Then: 

13.6% B' + j- + %„ = I3-69 
By t&king large reservoirs, y. i_— . = 1 nearly. 

Practically, when we only have In view indnstrinl resiUta, the etnploy- 
mt of a good mercurial thermometer reading to tenths ot n degree con - 
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d-ncca toresnltssnffloienUy cloae, but there are times when their lueisfar 1 

from being as oonvenieat as that of the ajr thermometer. 

The other temperatures uorrespondiiig to the Gtcam pressures are 
taken Irom the tables of Regnault. The; are thus obtained Indirectly, and 
are eiperimental ; tor tbeso, tablea or pressure and temperature are 
(1edDC«dIrom observation. 

The values which serve ns were obtained b; a generator and fiee-alr 
manometer, and in the interior of the cylinder by measuromout upon the 
diagrams of work, which gives, as all know, the curve of pressure lor eiioh 
point in the stroke at the piston. 



TABLE HI 








s 1 !i 1 Si 

1 VJ 


1 1 


ill 


Temwt,iu„ In boiler 

> emummie Bt ont-oll 

Temptntnro ■! end sCroke 


«.iau8.»;;j.,o; 

a^'.u' aslai w!ub 
n.u; 73.41 S9.at 


IBD OollW 77 


\».V> ulwm'.w 



^- lleasurtmtnt of the Work.— Thia requires the most minute care and 

"s eSected by the aid oC two seta of apparatus, the one cheeking the 

™*f — the indicator of Watt aud. the pandynamometer of flexion of Hirn 

"y'hls latter, above all. installed in very favorable conditions, has fur- 

*li6(j jfg valnea most remarkable for their exactness. We have then, 

f/"^^ upon the reanlta which it gave, analyses in which the de- 

|.''^''i nation of the various works, with full pressure, with expansion, 

^tol forward work, plays an important part ; also the measurement of 

^ssuj-es at the points of the stroke where wo wish to study the thermic 

__ ^4itions ol the steam and the transformations to which it is sub- 

It is owing to the happy idea of ntilizing as a spring the lieara of the 
, ^Ue that M. Him arrived at the construction of the instrnment which 
. ^ bas already described in our Bnllctina. This apparatus draws at each 
rr'^tant the deflection of the beam, and gives a curve, of which the 
^~*ci8sas are proportioned to the stroke and the ordinatea to the 

The study of the diagrams drawn by these instruments is nearly the 

r**'*^. The indicator, then, in leas exact tor engines with a single cylinder, 

^^ it has been long nsed. not as an instrument of analysis, but as a means 

' Ineasurlng work, while we only insist on the curves traced by the 

***Xx dynnmom et er, 

"With this latter the scale of abscissas is obtained by direct measote- 
^ent upon the movable plate and for equal parts of the stroke; that of the 
'^f^instes by a direct comparison; the engine is brought to one of its dead 
Pointa, the steam turned into the cylinder at a known pressure, the force 
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exerted on the piston is transmitted to tlie beam which deflects an amoimt 
measured by the pencil ol the apparatus. Then to check in the rerBTM 
direction, the crank 1b pot on the other dead jHiiut and the operation n- 
peated. M. Hira has oBtablished. every twentieth ol the stroke, the load, 
in kilogrammes, needed to bend the beam eiicb an amonnt that the pencil 
ot the dynamometer shall desoribe an arc of n circle or one metre in de- 
velopment; it Is the unit of measure at each corresponding twentielh ol 
the stroke. 

All the curves drawn have been carefully mea^nred; the mean ordlnilu 
transformed into kilogriimmes upon the piston are set oil on the conw- 
pon ding lines, in mllUmetreB for 1,000 kilogrammes. At thesimelimewe 
trace below the axis, to the same scale, the vnlaea ol the vacuum given by 
the Indicator alone, joining thu extremities by a curve, drawn full tot the 
pressure, and dotted for the vacanm. Between these curves we have tbe 
pressure carried at eacli moment by the piston. If the atieolute Tacnnm 
could have been reached on one side, while the steam noted on the other. 
nothing is more easy than to establish the pressure per square metre; the 
load divided by the piston area gives it. 

This known, the tables of Reguatdt, or the formula of Roche, fli tlie 
corresponding temperature, and we can calculate then: 

I the densities, 

i* the total heat of evaporation. 

{/the internal heat, etc., 
of the steam at points of the stroke which interest us, without which 
valnes any analysis is impossible. 

Finally, the planimeter, bjr a measure of the area, gives us the different 
kinds of work, the forward work at full pressure, the total forward work. 
the total indicated work, and the effective work, or the difference between 
the Indicated work and that absorbed by the friction of the parts of the 









TABLE IV. 












Mov.lfl. 


Sor.W. 


Aug. as. 


AI1X.1T. 


B.irt.1. 


B»pt.t. 


Bept.». 


OM.9B. 


v.otT9k|tniR.ln 


SIMtM 


m.tt 


w.sw 


30. MM 
1U.17 


iis.os 


1M.81 


90 .m 



Checking the fonimmpf ion. ^Thanks to the data taken, we con estab- 
lish an eqnallty in tbe heat bronglit to the engine and that used in work 
and rejected from the condenser, so that we con make a first veiificatiOD 
ehowing with what approximation we have noted the consumption ol 
steam. 

The first fundamental proposition of thermodynamics experimentally 
established is that, heat acting upon a body gives place to mechanical 
■work and a quantity of heat proportioned to the work disappears; the 
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relation between work produced anil bettt disappearing is conatant and 
depoDda in no waj upon tlie body bj which it acts. We should then have 
between the heat brongbt to the engine and that lonnd iu the injection 
wwter a difference, a decrease proportioned to the external work done, 
or the forward work. The value ol thla decreaise is no other than the qno- 
tient of the number of kilogram metres [nmisiied by the engine per stroke, 
divided by 125 kilogram metres, the equivalent of a calorie transformed 
mt* work. 

Take lor example the experiment of August 26, 1875, with steam at 
2J 5= C. The mean consumption per stroke for this day is (I.2fi51 k. Taking 
eiie boiler pressure, 49,Ci3t! kgti. per sq. metre, a temperatnre ol 151° C, it 
taliN from the boiler l).2S51 k. >: h - 0.2651 k. (60G.6 + 0.3(16 x isi); but 
'>^fore reaolking the cylinder it traverseH the superheater, which raises its 
t-enperatnre to 215'' C, and famishes to the fluid 0.5 x (1.2651 (215—151) 
more. The apcoiOc heat of steam being 0.5, Anally, when this fluid leaves 
tlK-eondenser, it takes with it 0.aS51/ = 0.2G51 x 33.09, which it is necessary 
to la^e away from the amount brought, and we have for the beat available 
in tlie cylinder. 

<i. = 0.2651 k. (606.5 + .305 x 151° + 0.5 (215° — 151°) — 33.0fl.> = 
172.79 o. 
The cold water of injection, measured as above is, 8.7291 k. ; it receivea 
'rona the ateam which it condenses V, = 8.7291 k. (/—ii =8.7291 k. + 16..59 
= 144.82 c. 

There has disappeared in the intei-val: 

172.79 — 1M.82 = 27,97 o. 
But we have used externally 135.77 ch., say 10,193 kgniH. per stroke, which 
has absorbed 23.99c. The external radiation of the cylinder has been 2.5c., 
total of 26,490., a difference ol 1.18c.. say of O.fl per cent, of 172.79c, brought 
to the cylinder. This is the error and check upon the consumption, as the 
distioction between the observations is clearly defined. 



jSOT.ie. NOT.M. 

■"I PMtoted 1 ar.w his 


M,49 


An J, 17. 
101 ! 30 


Sept. 7. 

—oiio 


8wt.B. 

Ifll.Bt 


Bepl.n. lodtiB. 

isa 1 i' 

-t,M 1 



^e see that all the errors but that of the 29th September ore less than 
^^•' cent. The latter has an error, of which we cannot discover the oanse, 
^oh does not exceed 3 per cent. 

Vcrifieation of the Work.~To be more correct, wo should describe the 
B' ^*SOeotion of the indicator, for the simple inspection of the curves drawn 
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by the aid of the pandynamometer renders evident the snperiority of "^^^ 
method of valuing the force. And we may add that many snccessive^ ex- 
periments always led M. Hirn to the same results and the same coefflci^^^iits 
for the scales of pressures. On the other hand the suiflciently large cu^^^^^s 
permit us to obtain, with much exactness, not only the pressures but ^^also 
the fractions of the stroke and consequently the volumes affected by the 
cut-off; also, by taking these curves and comparing them with theirr^di- 
cator diagrams taken under the same conditions, we form the follow^ ^dR 
table: 



TABLE VI. 



I I 

Aug. 26. Ang. 27. { Bept. 7. I Sept. 8. i Sept. 29 Oct:> -^ 



Pressare In metres of mercary : 

Pandynamometer 

Indicator 



3.013 
3.007 



Fall pressare forward work, kgm. : ' 

Pandynamometer 4.176 

Indicator 3.990 

Difference per cent > +4 .43 



Forward work of expansion : 

Pand]mamometer 

Indicator 

Dliferenoe per cent 



Total forward work : 
Pandynamometer. . 

Indicator 

DifTerenoe per cent. 

Indicated work: 
Pandynamometer. . 

Indicator 

Difference per cent. 



6.700 
6.621 
+ 1.19 



10.876 
10.611 
+2.42 



9.870 
9.606 
+ 2.67 



2.790 
2.806 



6.286 
6.148 
+2.17 



3.930 
3.876 
+ 1.39 



10.216 
10.023 
-f-1.91 



9.293 
9.101 
+2. 07 



2.91 
2.80 



3.366 
3.120 
+7.26 



6. 186 
6.886 
+4 85 



2.91 
2.91 



3 
3 

+3 



.235 I 
.135 , 

.09 I 



6 

6 

— 



.965 
985 
.33 



9.660 9.200 
9.006 9.120 
+6.69 ' +0.86 



8.675 , 8.220 
8.131 , 8.140 
+6.27 ' +0.98 



2.93 
2.94 



4.8S0 
4.930 
-1.00 



3.120 
3.192 
-2.30 



8.000 
8.122 
-1.62 



7.066 
7.187 
-1.72 



o -475 



1: rcjr^ 



+2. 



^.67 

6. 
-1.85 



11.875 
11.399 
—0.21 



6.163 
6. 187 
—0.88 



The Watt indicator should give us the pressure in the interior of the 
cylinder and should give greater values than the pandynamometer, as the 
friction of the packings should diminish the results obtained by the latter. 
This difference only exists on September 29 and October 28, clearly defined 
on September 29, but for all the other experiments is reversed. To what 
cause of error is this anomaly to be attributed? We can only see such as 
may be caused by the construction of the apparatus in the small dimen- 
sions, a little piston, strong springs and too high a speed of the engine giving 
results which have not the exactness wislied.* M. Him has avoided the 
oscillations due to the motion of springs, and notwithstanding all our care 
with the indicator the pressures arc too low. I insert the diagrams of 
boiler pressure taken on September 7, in which they are notably lower 
than given by the dynamometer. But the greatest error with these two 
pieces of apparatus does not exceed 2.4 per cent, of the work, and the 
indicator is valuable in practice to measure, rapidly and closely, the power 
of an engine in motion; in certain circumstances it can serve for an exact 

^Probably leaky piston of indicator more than all others.— C. A. 8. 
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uiBlyBia, as in the cose ol oompouncl eugiuea making SO to 3(1 revolntions 
per minute. Ik thin oaae the unitormit; ut the pressure is greater than in 
simple engines, which is tavarable to tbe indioatur, and tlie beam dynamo- 

I meter is useteas, as it would only give tbe resultsiit force on the beam 
witboat separating tbe effect of each cylinder. The inillcator giving the 
Mtion ot each cylinder permits as a consequenoe the obtaining ol tbe 
temperatures, density, internal heat, eto., ot the working steam and to 
follow the transfers of beat, 
briefly some preliminary notions, to enumerate some ot the factB incon- 
testable in tUemselveH but of which the consequences have been violently 
ducnseed. 
!Eaoh ot us knows that tbe cause ot thQ movement of engines, the force 
Wliicb acta through tbe medium ot water reduced to ateam. which sets in 
Action tbe ditlerent pieces of the engine, is the tores of hent. Heat is tbe 
<liri;ct cause ot tbe movement. Tbe first study naturally imposed upon us 
is, then, tbe phenomena which give birth to tbe action of this force upon an 
Intermediate body. Actually completed tbls study bus been made in the 
<sa.l>inet of the iiliysloist beyond all prncticnl appllostions, and holding no 
^k^scount of the circumstances in which the fluid is called to work. 

Aaanming that there is no interchange of beat between tlie surface of 
"fcbe cylinders and the fluid which they contain, consideriog them as slm- 
X>ls K^OD'etrical receptacles impenetrable to heat, is evidently contrary to 
C;tie truth; bnt for a long time it was considered that the errors of this 
^lieory in practice could be neglected, and to destroy this error, to prove 
1.I01V tar it was from the reality, a series of precise experiments, so well 
"verifled, of wbicb some are given in the work ot M. Hirn, was needed, to 
"^ivbicb we shall add others whiob we will develop. 

Without doobt it is possible in that which concerns tbe engine, that is 

-1^ soy, the weight of steam used per stroke, to directly measure it, for ne 

J>iBve checked It by comparing with it the heat naed and rejected by the 

<;ondenscr, directly measured also. If tbe consumption had been incor- 

^^^ ^*ct tbia error would bave exceeded 1 per cent. 

^^^t It we desire to calculate at cut-off and tbe end of tbe stroke tbe wcigbt 
^^^k>( dry saturated steam inclosed in the cylinder, it is s simple matter, 
^^^p Tbe volume swept by the piston aud the densities of the steam are all 
^^" "tbat is needed. We recall the diagrams taken with the indicator, or tbe 
pandynamometer, where the abscissas are proportioned to tbe stroke, and 
■eeing how clearly the Intersection ot the curves with full pressure and 
"With expansion are defined when produced, this point flies the cut-off 
ftnd pressure thereat. To the volume generated by tbe piston ne add the 
I clearance volume wbicb is occupied by steam. In the same way at the 
t end of the stroke the last ordinate gives the pressure, uud tbe clearance 
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added to the volmne generated givea tlie volame occupied; the same eonld, 
of oourae, be done for ony other poiut of the eipansiou. 

The densities ure obtained by two relatioua, one established by Zemier. 
a direct Fnaction of the pressure, 



P being the pressure in atmosphereu, the other a f nnotion of teniperatiirei 
and tliorefore indirectly of the pressurea, the corresponding tempenturH 
lieiug taken from the tables of B«gnaalt or the formula of Boche, dedniwd 
from the sanie tables: 

}■ = - J- - and u = -^- (31.1 C + 0.098 1 — 0.00002 (•. — 0.000000 l>) 
where w is the volnme of the unit of water and u -t- u = r. that of lbs 
steam y = = density. We will take as examples the colcolations reli- 
tive to the experiment ot Augnst 26, 18T5, cut-off at one-fittb. 

The volume swept during admissiou augmented by the clearance is. 
ii„ = 0.104B mc, and the presanie la jl,115 kgms. peraq. metre, whence the 
density is ) = 2.5IT5 k. The wiaight of dry steam at the commencement 
of eipauaion is m, = I).1U4B mo. X 2.6175 k. = 0.26383 k., while the feed water 
ptr stroke was 0.2651k., an error of "■^"^'^"^35;^''^^^ = 'ess than one-half 
of one per cent. Passing to the end of the stroke, the final volame in- 
cluding clearance is 0.400 mc, the pressure 7,722 kgms. persq. m.. whence 
we have a density 1 , = 0.16096 aud a weight ot ateam of m' = 0.190 mo. x 
0.46096k. =0.21859 k.; the cUflerence ia 17.5 percent. What has become of 
thia steam which has disappeared during the expanaiun? We hope Uurt 
the examination ot nil onr esperiments will make this clear to all. We 
place them in thi? following tables with the differenoea; 

TABliE Vn. 





We hnd their marked differences nearly always less between the oalon- 
lated and measured weights. What are the oausea? Let us review 

For those who know how difficult it is to keep a metal-packed piston 
tight, nothing is more simple than to suppose leakage. To thoae who 
have not Icsrned all the arrangements adopted, wo explain that it is easy 




omake a tigbt piston. Suspending tbe piston and with two oe 
sprung in oioke a tight piatun. But in man; cases a vertical cylinder 
cannot be used. We beliE>ve that the piston rod should be carried at 
both ends of the cylinder, to avoid leaks, and to use softer caat-iron lor 
the riugs than tor the cylinder. 

What is important for ns is to see that the vertical engine on which we 
experimented poesessed a tight piston, and that the natural bjpothesiH of 
leakage is inadmiHsible. 

How could we believe that these losses could give an increase over 
that directly gained, for etaniple on August 27, and how could the piston 
of the same engine, working with almost the same initial pressure, vary 
ttom 0.83 to 3G per cent, in a few days, August 36 to September 7 and 8; 
or from 3S to 3(1 per cent, from September 7 to September 8V There is no 
doabt that all conditions were the same, except the superheating, and we 
ahould suppose that the butter steam would leak the easier; on the oou- 
teary the leakage is least then. 

Finally, we will note some results which will support the views we 
aliall advance, knowing that the piston was tight. 

It will be remarked that in the table given there is for many ol the 
Experiments less stenm accounted for at the end of the stroke than at the 
t^txt-otl. On November 28 it decreases from 311.4 to 25.2 per cent., and on 
September 7 from 21. G4 to 21.38 per cent., but in the non- condensing run 
C>f October 28 it changed from 12 to per ceut. at the end of tbe strobe. 

Let OS recall the progress of the steam in the engine, and see if this is 
Xxot an impossibility with a leaky piston . 

The consumption per stroke was measured with all the precautions 
*:«tated above; it is then tbe weight of fluid which passes through tbe 
^isyliiider, leakage or no leakage. The computation based on the volume 
^«ad density gives the actual quantity of steam present. Is the difference 
1 ost i If HO, how explain the irregularity in amount, or tbe excess in some 
«:=a8eeV Every one must see that this is absurd, and the hypothesis of leak- 
•g^Ce cannot be maintained. One of the most important propositions of 
supplied physics gives us the key. 

When ateam U introduced into a reservoir of iftvariabU dimensions, of 
mohich Ihe eurface haa not everyichere IhtHame temperature, the final preature 
^ztf Ike aleam is thai which corretiponiia to the lowest lemperature. 

It was npon the facts from which this proposition is deduced, tbat 
Watt based one of his l)est discoveries, the condenser; it will serve us to 
Bxplain the apparent disappearance of the steam which wo have stated. 

Tbe study of the phenomena to which the action of heat upon water 
gives birth has been made in the cabinet of the physicist, ignoring at the 
«tart perturbing influences. The results thus obtained ore as exact as tbe 
laws from which they are derived, and if we have an error to note, at least 
it is not from applying erroneous principles. We will not repeat too much, 
k tronsportiug to the domain of practice the physical data relative to steam, 
1 vitboat considering the'circum stances in which the steam is called to 
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work. Regarding engine cylindera as aimple geometric recaptaoles Im- 
ponetrable tu heat, of atatiag thut ttiere Is no eicliange ol lieat betatoi 
tlie Eteam and its sorrouudlng mctul, is from all evidence contrary to the 
tratli and Iish never been sustoinetl. But tor a long lime it has been ub- 
Illicitly oonajdered that tlie various errors iiristng from this supposidoD 
were insignilleaut. We ahull see if it is poasible to neglect them. 

Remarking, Brat, that when the steam ia taken directly from the botlor, 
experiments, November 28, 1873, and September 8, 1875. as is osmllj Uw 
case, we have to do with a vapor In contact with Us liquid, a so-«Bllec' 
autnrated vapor, that is to say, in sneh a state ul eqnilibrinm that it Ia 1 
impossible to take away the smallest qnaatity ol heat without coiideiun>i0 
a portion, that almost always the gas itself has entrained and mixed witl> 
itself II portion more or less great of the fluid from which it came. T^^"""^ 
lected lor the two experiments which occupy ws it ia sometimes 5 or 6 per""'^ 
cent, of the weight of steam introduced. In this oondltloD it is impossi- 
ble to add heat without evaporating a part ot the fluid in snspensioD. 

This state of saturation or unstable equilibrium of avupor miscdwith 
its liquid In more or less quantities is such that auj addition or subtrac- 
tion of heat, how small soever It may be, brings immediately and neces- 
sarily the evaporation or condensation of the liquid or vapor. In such a 
condition dues the mixed fluid pass from the boiler to the cylinder. 

At the end of the steam pipe it finds in the steam chest the valve open 
to the cylinder, the piston at or near the end of the stroke, and the steam 
then flUs the clearance spaces between the valve and the piston. In the 
engine weare studying the clearance is 5 litres, very small relatively to the 
iacloslDg snrfaces, the cylinder head and piston have 11.56119 sq. m., and are 
instantly filled; the steam is thus brought against an extended mirfaoe 
which has been cooled during the preceding strokes by the expansion 
and the exhaust to the candenser. The incoming fiiiid tends to impart ibi 
temperature to the Harfaces. aud a large portion candensea, yielding its 
heat of evaporation. By virtue of the proposition enunciated above, the 
pressure of the fluid would fall if the communication from the boiler was 
not open and did not permit a constant inflni ot steam coming to replace 
that liquifled till the moment that the iuterior ot the cylinder has acquired 
the temperature due the pressure. 

All these phenomena are produced in the almost inappreciable inter- 
val ot time the piHtou is at the end of the stroke, and afterward the piston 
uncovers fresh cooled surface which also condenses, but much less rapidly 
than than at the first instant, (or whatever bo the speed ot the piston at 
mldstroke the surface is much lesH in proportion to the Inclosed volame 
than at the end of the stroke. Finally the valve, after opening, closes the 
steam port and the expansion commences without interrupting the action 
of the sartaeea, but the supijly of heat from the boiler being ended the 
reverse action begins, while at the same time steam Is condensing on the 
cool surface uncovered by the piston it is forming from the heads which 
had been previously warmed. 

Take the experiments ut November 28 aud September 8 made with 
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B&tnrated Hteam. When tbe expansion comnieDDes, we have abut tip 
in Uie cylioder a mixture of 69.6 per cent, steam and SDJ per cent. 
water in one case; Gl per oent. steam, and 33 per cent, water in the 

Thia water, as we have shown Itefore, came nearly all from direct con. 
deusatiou on the metal; it is deposited on the surface lining it and poB- 
sensing its temperatnre and that of the steam in tlie cylinder. Tho piston 
advances, the work of expansion demandi a certain quantity of beat, tUe 
fiesb cool surfaue, uncovered, condenses mori> steam, the pressure falls, 
and the water lining the surfnces insteud of increasing, grows less or re - 
mains the same in qnantity, 25.2 per cent, instead of 30.4 per cent, and 
3S.I9 per cent, instead of 36 per cent. This shows clearly that evaporation 
hatt been prodnced from tiie surfaces whii^h flrst condensed and were 
tbeti warmed by the steam. 

During the expansion the presaureand temperature fall at each instant. 
Xhe cylinder surface and water covering it, keep at each instant a temper- 
ature little higher than that of the )>teum, but at each instant this temper- 
d-ture tends to equality with that of the mass of steam, which can only 
oocar through the medium of the deposited water evaporating at the 
^xpeDSU of its own heat, or yielding its excess to the metal, or drawing 
*rom it. The steam and condensed liquid, evaporating or condensing, 
i^ierve as the vehicle of heat so well that at the end of the strobe we have 
«:31£Eereut proportions from those at the end of admission. 

All this concerning the vapor of saturated steam is only the natural 
«z;onseQiience of the laws of the trnnsoilssion of heat, and it is matter of 
^astonishment that it has been contested; not that the principle has been 
-«^eiiied, but it has been called Insignihuant in its iuQuence from the tact 
"•Lhat gases ore bad conductors o( heat, und assuming the time of a stroke 
■fco tie too short to permit any considerable exchange of heat by radiation, 
-'^ire have come to see that it is by direct contact and not by radiation that 
'^his action can condense up to 36 per cent. In this cose the error would 
~Kie in not taking account of the action of the surfaces: it is far from being 
«jne that may be neglected, as it has been. 

Let us see what happens when the steam from the boiler by a special 
apparatus has its temperature raised about IIIU'^ C. above that of saturated 
^team when it is superheated. Brought in that state to the cylinder, one 
v^n believe that it will act as a gas, losing, without doubt, its heat, its 
«nperheat, but never falling Ijoluw that of saturated steam. The experi- 
ment of September 7 shows us tho contrary, that steam at 135° G. can con- 
dense on the surface, giving 34.64 per cent, of water, and the heat of 
evaporation of this water is given to the metal, besides the superheat, 
"Which it gives llrst. When the expansion commences there is then only 
Eatnrated steam containing one-fourth water in the cylinder, most of the 
water being on the surfaces. We are in identical conditions with the 
experiment of November 29. and September 8. All the phenomena we 
have already deacribed lake place. Condensation and evaporation going 
. 00 slmnltaneously in different parts of the cylinder, we flud at the end 




of tlie stroke 21.3t< pet cent, water, ehoving tbat 3 per cent, has been re- 
evapomted. 

Between this eiperiment and that ut NovembeT 28. one witli Biip«r- 
hcBted ateam and the other with aaturated steaiu, the analog; Is striking. 
It la far from being so with the athera, whiuh appear atmost in part aa 
exceptions to tbe lawa which we etate. 

On September 29, and August 2G and 2T, the condensatioii at the begin- 
ning o( expansions, 2.52 per ceiii, and 0.83 per cent., are ver.y amatl, and 
on Angust 2T the steam remained auperhenled. aince the weight of steam 
cal(!nlated is greater than that directly measured. To give an at'coont ol 
what passes let us recall what we said in our two eiperimenta with satu- 
rated steam. 

At the oommenoement of the stroke only the clearance apace ia opeu 
to the incoming steam. The condensation is then very energetic; we can 
perhaps sa; that nearly all tbe steam wliicli comes first is liqniQed againat 
tbe metallic surfoi-e, whether it be anperbeated to 223° C. or not, for wbat 
iatbe heat of superheating compared with the weight of surrounding metal 
to be warmed, and the steam Srst introduced into the clearance space ia 
small in amount of beat compared with the quantity to be given up. The 
steam then introduced instantly loses its superheat and tbe piston begins 
to move. We have then saturated steam in contact with a large portion of 
water, which we uafortunatsly cannot directly determine, but of which we 
can afOrm the existence, for our experiments proved that the proportion 
of water liquified was very cousiderable, though the time wa» very abort. 
that is to say, with the surface increased inversely as tbe weight of steam 
iutrodneed. we could bring it all to water. The piston then moves more 
and more awirtly. and steam Hows in from the boiler throngh tbe super- 
heater at a temperature of 223° C; it meets the saturated steam, with which 
it mixes, then the water covering the surfaces and yielding heat to It evapo- 
rates it 80 well that on August 27 the whole was anperbeated, since tbe cal. 
uulated weight of steam at the end of admission was one per cent, greater 
than tbe gauged weight per stroke. A.t other times, since the weight com- 
puted Is little greater than measured, tbe diJTerence being with tbe errora 
of observation, we will therefore suppose tbe vapor saturated but dry. 
Duringthe expansion we see that theliquifaction, iuspiteotanintrodaotion 
of nearly halt stroke, reaoheB 13 per cent, at the end of tbe stroke. A con- 
densation takes plttoebecRusetbesurfaoeoriginully warmed didnot receive 
heat enough to prevent it. This ts shown by the experiments of Auguat 
26 and September 29, and for Hovember 18. 

We then arrive at tbe Inst of our experiments, remarkable as we shall 
see, in analyzing that of October 2Bat high pressure uou .condensing- Tbe 
steam heated to 220° O. Is admitted for one-quarter of the stroke, expnnda 
to one atmosphere and is exhausted into tbe air. 

Tbe cleariinces of the engine we are studying are 5 litres, say 1 per 
cent, of the cylinder volume. We bave in our preceding experiments 
neglected tbe weight of steam shut up at the closing of tbe exbanat. With 
low pressure and density tbe weight may be neglected, but such. laj 
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the case irbea theexhaQstiBBttlieatmospbericpre»>nre. Ttae compressed 
eteam rises even above the pressure ol admlasloit, and its weight is U 0268 
k.. aay ID per cent, of that con sum ed per stroke. 

It is easy to obtain, bs we know the closing ot tbe exbaust valve, the 
pressure and volume. We then Und the density a function of the pressure. 
As this steam at this point is dry and saturated, as we shall see, its weight 
i^presents the whole steam in the cylinder, a quantity put into the cylin- 
der at the Srst revolution and iu a manner remniniug there till the engine 
Is stopped; but if this weight is lioiiHtant its temperature is not, for it par- 
ticipates along with the Dew steam in all the exchanges ot heat of which 
the engine is the seat. 

The first action is during the cushion and before the steam valve opens. 
The weight calculated at the closing of the exhaust was 0.0308 k. ot steam 
that we know to be dry. It we value it again when it only fills five litres 
ot the clearance volume we find only a.nDV)3 k.; the bulanee has been con- 
densed upon the surfaces, having a lower temperature than the compressed 
vapor, of which the pressure Is constantly increasing. Then the steam 
valve opens, and steam rushes Id and mixen with that compressed, aban- 
doning its superheat and at the end of admission containing 12 per cent. 
of water. The expansion commences, and at the end of the stroke the 
deposited water has evaporated, and we have tiry steam. 

Snmming up, the examination of each ot our experiments brings us 
to the conclusion that we can by no means neglect the action ot the sur- 
faces. To a certain depth the metal of the cylinder is penetrable by heat; 
it plays the role of a reservoir, which receives heat during admission and 
gives it out during expansion, or continues to receive but gives it out 
again during exhaust. This action is shown clearly by the figures in Table 
VII. There we find the proportion of water, which sometimes could be 
neglected, following the conditions under which the experiments have 
been made. Thus with steam superheated, cut-off, i, i and throttle, the 
condensations ore 1 per cent., 2 per cent., and even superheated; while 
with saturated steam, cut-off }, we find water 25 per cent., 30 per cent, and 
36 per cent. 

Above all, this series ot eight experiments removes all doubts, and it 
no longer can be denied that these exchanges of heat actually take place, 
variable in intensity und intimately connected with the conditions ol tem- 
perature and expansion fn which the engine is worked. 

Cooling ti^tt to tKe Comieruier. — We can enumerate the various changes 
which the steam submits during its paasage through tbe cylinder, fol- 
^fowing the exchanges of heat upon the surfaces or In the fluid inclosed b; 
them; this is not the only question, but only tbe first step in the road to 
which onr analysis has led iis, for we can find not only the manner o( 
the distribution ot heat, but the exact values by obtaining that which is con- 
sumed on the one side by work done, and on the other tbe various losses 
produced dnring expansion and exhaust. This study requires us to refresh 
our memory with some of the facts established by thermodynamics, among 
others what is meant by the internal heat L''of a mixture of steam m and 
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water 3f — m, tbis value U is the totfti hent of the miitura less tLat o[ the 
eitersal A Pu: It ia expresaed 



U = 



-A Pu 



= M pg etii + ij 



U= Mil + 0.00003 (• -t 0.0000003 i>) + m (57S — 0.791 (1. 
From the elementary principles of thermodynamics the rnlne of V 
can only vary: 1. II the total mass M does external wotIc, positive or 
negative, Hugmenting or dlminitihing in votnme nnderon external prossure. 
and then the variation ol U is proportioned to the work done. 2. II the 
miia9, without doing work, receives or lOMes heat bj contact with any other 
body. 3. It these two phenomena take place together; in this cose the 
ohange in (7 may be zero. We know the heat consnmed by the work o[ 
expansion, since this is given by the diagrams, and it suOaces to divide the 
number of kilogram metres by 425 to have this quantity in heat units. 
PuttiDg then the internal heat I^ond the work of expansiOD Al-'' we have: 
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In this table wq also give the heat which the fraction if — m gives to 

the metal during admission, bj condenaiog upon the surfaces increased by 
the superheat lost by the mass M, we shall call It the heat stored by the 
snrfaoes. 

The intemid heat U sometlmeB increases, or dimiuishes, or remains 
nearly stfttionory. Let ns examine eaoUeose. 

1. On Octobur 28 it is U.24 c. more at the end than the beginning of 
the expansion, and there has also been done H.5 c. of external work which 
should have been at the expense of Ihe internal heat (7 and this shuuld 
have dooreased Instead of increased. This must have had heat from oat- 
side, and as the boiler is ciit-oS it must have come from the cylinder 
metal, and as there is no Jacket the metal mnst have taken it from the 
incoming steam as previously explained. The metoUic surface has con- 
densed u portion of tlie steam brought from the boiler, the temperature is 
raised and the heut penetrates the metal to a depth more or less, but which 
matters little; it in a manner stores up heat which we can value directly 
from the superheating, M x 0.5 (S — /) = 0.2717 k. x 0.5 (220" — 137.49") = 
11.20 c; where M = the mafls, 0.5 = specific heat of stenm. 6 = temper- 
ature of steam, t = temperature of saturated steam at same pressure. To 
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this value is added the heat obtained from condensing 0.0357 k. liqnified 
daring admission. 

0.0357 k. X r = 0.0357 x 509.78 c. = 18.29 c. 

11.20 X 18.20 = 29.40 c. 

The work of expansion was 14.60 o 

The external radiation was 2.60 c 

The Increase in internal heat was 14.24 c 

Total 31.24 o 

being with 1.84 o. of the other, an error of less than 1 per cent, of the 
186.72 c. brought to the cylinder. 

2. When the variations of internal heat are very small, November 28 
and September 7, for example, we may consider it as remaining nearly 
stationary during the expansion, and the external work done during ex- 
pansion must have been furnished by the metal and not by the internal 
heat; the metal must have received it during admission, but this is only a 
portion of their action, for if we compare the amount the surface has re- 
ceived 33.95 c. on September 7, when the work of expansion is 14.31, the 
external radiations 2.50, leaving 18.80 c. to be accounted for per stroke — 
what has become of them? Given to the surface per stroke it is impossible 
to have them remain there, for the temperature would rise to such a point 
as to melt the iron under an increase of heat of 18.80 c. per stroke; they 
must have gone to the condenser during exhaust unless the piston leaked, 
and we showed above that it was tight. The difference we call Re, refrig- 
eration by the condenser. It is the form first known of the action of the 
internal surfaces, an influence long doubted and far from being admitted 
in our day. We refer to table VII., and find there, except for the non- 
condensing experiment, that there is from 12 to 35 per cent, of water at 
the end of the stroke whether it entered saturated, wet, or superheated, the 
result of all the exchanges of heat being the condensation of a greater or 
less portion of the steam which works. This action is due to the sides cov- 
ered with a layer of water very thin and at the temperature of the metal. 

When the exhaust valve opens the steam rushes out, its pressure falls 
rapidly, and its temperature still faster till it reaches that of the water in 
the condenser, this, in the cylinder in spite of the smallness of the connect- 
ing passages, and the temperature is lower than that at the end of the 
stroke; but the surfaces of the cylinder and the water which covers them 
are higher in temperature and the water upon them evaporates, and the 
heat is taken from the metal in which it had accumulated during admis- 
sion. 

We see here the reverse of the phenomena during admission, the sur- 
faces cooled during exhaust are warmed by the incoming steam which 
they condense and evaporate during exhaust, and are again cooled. These 
two opposing actions are the result of the same physical cause, the per- 
meability to heat of the surfaces and that which they inclose. 

If even to-day, resting upon the poor heat-conducting power of gase- 
ous fluids and the shortness of time, it is believed that the effect of the 
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snrloces uan be neglect«(t, the followliig table irlU again prove that It is 
not Hmull, that the cylinder loaes during exhaust a certain Humber of 
oaloriee which ore far from being small, uud which do no work ■wLatev^ir, 
and which even exceed tliose expended in tlie work done. 

Ah we hare seen, the values of Re are deduced from the very airople 
relations of the interaal heat, the wurlt done and the heat given up to the 
metal during admisHion. ^^^1 

ri.M — m) = a^— U, + AF.,* 2.5 c.+ Re. ^^^M 

For September 7, 3a3So.= — 1.G6 + 14.31 + 2.5c.+ Re. ^^^| 

Re = 35.61 — 16.S1 = tg.eoc. ^^^1 

But these valnea can be checked by a different computation, wliiob wfl 
shall follow out, knowing that Re is the heat taken trom the iron during 
exhaust. 

II this heat is retained iu the metal up to the opening of exhaust, it 
will not be in the final internal heat at the end of the stroke U,, but we 
aliall Und it increased by the work of expulsion, in the water rejected 
trom the condenser, and the diEfereuoe will give it to ns. For September 
7, U, = 1U6,5B c, leas thai remaining after condensing 6.81. added, to the 

back pressure work 2.14 c. gives. 103.89 c. 

The heat found in condenser is 12S.77 c. 

Difference, Re 18.88 c, 

The other method gave 18.80 c. 

Error 0.08 c. 
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Here again it is not eosj to oonstmct anj gratnituus hyiwtlipsis The 
explanation wc have given ol the observed phenomena Is based upon pre- 
clee figures. It is the expression of the truth. We state from direet ob- 
servation that the surfaces inuide the cylinder are covered with a water 
film, condensed from dry or even superheated steam. This water npon 
the surface at a temperatnre grealer than the exhanst is evaporated and 
carries away from the iron a certain qiiantitj of beat wiiioh is taken again 
trom the boiler during the admission at the next stroke. The consequence 
is that during admission it condenses steam enongh to do the work of 
expansion, and more yet the external radiation, and the luterDal radiation, 
to the condenser Re, and we can also valne this Re iu two ways, and tbs 
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^>t^t error has been l.Bl or 1.17 per oeat.ot the beat lued by tlisj 

apon tills point, it Is bcuimse this value Re liwt bcon mt 
cLi^coised but badly understood by some engiueera who huve ton 
H-C large negative values, and who have tried to give a reanon U 
oaaly which waa simply due to au error of obeervation an tbt 
*»tsKalive value under exceptional clroumstunces, that neliuvein oxoi 
Tn a word, any negative value of Jlc is absurd. 

3. The Internal heat diminishing to the end ot the stroke in thi 
Uie loss of internal heat added to that stored by the surfaaes goes iS 
^ork ot expansion and into the external radiation, and any excess 
•^y the cooling Viy the condenser. Re, which is found as before. 

The water present in the steam at the end of the stroke is the ol 

"•o phenomena we we studying. Nothing is easier than to see 11 

^Kares of our table are closely connected with the final propoiC 

"■«tei varying with it. Even the fie = — 1.8*0., that is within 1 per « 

lotliing for the non. condensing experiment, for which the steam le 

"ie ena of the stroke; but this caae is uncommon. If we admitte 

^^ conld be negative, it would only be saying tbat the condensi 

*^** "iing heat to the cylinder in the place of cooling the steam eon 

'** **. The second method, serving as a check, could only give Ba 

__*^» hy having too large a value of U, after accounting (or then 

Z'Vilsion, but as this Internal heat Is all that the uteum uoutaisi 

'''^^iog worked in the engine, we should at least find that in the «i 

~****<len8atlon. If the observation gives ua a quantity too small, son 

^^**«*t have been lost between the cyllniJer and the point at whl' 

^~*^^»snrement is made; this can only be produced by leakage, bntoiu 

**SJr detect that, tor it could only be in the exhaust yipe, or hy t! 

_^ l^eat by conduction from a very moderately heated pipe 711° oi 

Besuming, this loss fie unexplained and neglected in the study 

**aieB the action of the surfaces, which may reach 23 per cent. 

.^^ **=am used, constitutes a uaeleas expense which merits attention $ 

**iL'h we should seek a remedy. 
J At the point to which we have attained in onranalysia there she 

. ^-**igBr remain any doubt In the minds of onr readers of the action 
^*-* Icrnal surfaces of the cylinder; but it may be useful before qulttl 
g '**biect to show how errors committed in the account of steam can i 
*^ the account of work; to see if the steam condensed during adn 
^ally corresponds 1st, to the external work of expansion; 2d, tothfl 
*^«1 radiation, and ^d, to the internal radiation daring exhaust. 
Thermodynamios establishes the geuural equatlou 
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the quantity of heat il Q at each instant with tbi 
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GVaparatioa r, the absolnte temperature T and the npecifio heal c of tbe 
liQuld. 

Since in wliatever manner tbe beat Q lias been added to or Rnbtracled 
from the work of expansion,'^ F, i= Q + {V, — P,> the internal lieat ai. the 
beginning and end ol expansion Is known from tLo temperatures aail 
preiiaurea. Proceeding tUua, the oxpanaion curve is veritled from its two 

But tot Q we Hud ourselvea in the presence of two tlieories. The 
generic ttteory of the engine witL a ou- con ducting cylinder, and the other 
called the practical theory, which admits the action of the surfaces ns n 
reaerToir of heat. We shall see under another form which a 
faots. Denying the action of the surfoceB in stating that 
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The flgnres o[ this table are, as we see, verj eloquent; there is even 
the absurdity of negative work on Novembei' 28 anil October 26, for in- 
stance, and the generic theory la untenable. 

We have to retnrn to the equation 



.JC = Mcdt -t 






I dt. 



-aio^ 



and sum these quantities duriug the cxpnnHlon to Hud a function whu 
may be integrated. M. Hirn has arrived at it by a very natural id(awlilcU 
he developes aa follows: 

"Aft«r many fruitless researcbea I decided to return here iu the track 
traced by the experimental method itself. As the action of the snrtacf 
consisted not ouly in taking heat from or yielding it to a goseons mam, 
but in partially condensing a miisa of saturated vapor, or ol evaporating 
partially a mass of water iu contact with it. I thought that the hypothesis 
nearest truth would consider the active part of the surface as a portion of, 
and at the temperature of. the water covering it. Whatever, in reality, 
may be the temperature of the surface, the water covering and evaporat- 
ing or condensing must be at the temperature of the tatiirnled steam. 
The exactness of this view has been fully sanctioned by exiierience." 

Wo can always represent, by a proper weight of water at temperature 
T, varylngbydT, the position of the mass ol the surface which is watm*d 




■*^ 



THE ALSATIAN KXPEltlMEXTS, ETC. 



217 






dnring admission and cooled during expansion and exhaust. Let // be this 
weight, changing by a quantity of heat, f^cd T, 



mr 



dQ= - ficdT = McdT-^ dmr---^ dT. 



— (3f+/u)c 



dT _ dMr 
T ~ T ~ 

Integrating both sides from T^ to T^ 

dT 



mr d T _ mr 



-(if + A^) J cy = 

— iM + fi) C. log., To 



mr 
f 



+ constant. 



_ ^1 ^i _ 



WIO *■«! 



<:O.2240 k. +^) 1.006096 log,,^^^'^^ = ^'^'^^^ ^ ^*'^-^** 

357.85 357.^^5 



o« 




T, To 

Taking one of our experiments for example — that of September 7, for 
(^^smce: 

M = 0.2240 k., wio = 0.1688 k., m^ = 0.1761 k. 
C. = 1.006096, To = 414.85°, T, = 357.85°. 
To = 506.55 c, r^ = 547.10 c. 

0.1688X506.55 
414.85 

+ fi = 0.42445, fj. = 0.20045, and the heat yielded by this equivalent 
ht of water is f^iq^ — q^^ 0.20045 (143.26 — 85.32) = 11.61 c. 
Finally, the work of expansion deduced from this heat yielded, and 
difference between the internal heats at the beginning and end of 
insion isAF^^ Q+ l7o — Z7, = 11.61 + 1.66 = 13.27 c. while the value 
the diagrams is 14.31, an error of only 1.04 c, while the generic 
othesis was an error of 12.65 c. 

The following table gives the value of the work of expansion, calcu- 
^ in this way, and also from the diagrams, with their difference. The 
atest error is 1.51 c, while the others are mostly less than 1— an error 
than 1 per cent, of the total heat brought. 
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We have shown how the water deposited upon the surface at the end 
^t the stroke is partly evaporated during exhaust, how it carried with it a 
Certain quantity of heat Re, which we have called the cooling by the coii- 
^nser. The cylinder in these conditions works as n boiler, producing 
Bteam irhioh goes to the condenser with a certain quantity of water en- 
trained with it the amount of which is easily determined. The condenser 
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here being a large edition of that used in determining priming, the 
method of calculation is identical; that for September 7, for example, is as 
follows: 

Mean back pressure 1881 kgs. per square metre: 

Temperature t corresponding 58.44^. 

q = 58.57 c. ? = 624.32 c. r = 565.75 c. 

The lieat found in the condenser, as we have seen above, in 122.77 c, the 
weight of fluid per stroke is 0.2240 k., and the final temperature of the 
water is 30.42°, whence the weight of entrained water: 

0.2240 (A — 30.42«>) — 122.77 
mc= — — - 

r 

_. 0.2250 (624.32 — 30.42) — 122.77 

565.75 

= 0.01815 k. ^,:^}^}^ - 8.1 per cent. 
0.2240 '■ 

The following table shows the weight of water and its proportion of 
the steam. It is easy to see that it depends solely on the proportion of 
water at the end of the stroke. 
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General Conclusions.— The statement of the method used in experi- 
menting, the checks upon the results reached, which accumulate, shows 
us witli what exactness the data have been obtained; they are indisputable, 
as well as the results derived from them, such as the temperatures, heats 
of evaporation, densities, etc., of the steam which proceeds from the 
pressures following certain physical laws, which are mostly expressed by 
empirical formula? from experiments, and are contested by no one in our 
day. 

We find ourselves with this group of exact data in the presence of two 
theories of the engine, that which till to-day has been universally re- 
ceived, the generic theory, which does not consider the properties of the 
bodies and fluid which are under the influence of heat; in a word that 
which considers the steam as working in a nou- conducting cylinder. The 
other, the theory that M. Hirn has so judiciously called "prtictieal,'* hold- 
ing account of the actions which take place between the steam and the 
surrounding masses of metal. Tbis latter theory could only be established 
by experiments. It is the study of the working engine, and each condi- 
tion imposed demands a new experiment and a new analysis. 
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One easily onderBtands that it is couvenieat to conatcnct from the Jaws 
ol phjsics a theory ol the ateiim engine witliont the long and tedioBB peo- 
oeas of eiperimeuting und compiitiug which we have shown, and this is a 
great part of the reason that for bo long we have bad the generic tlicory 
only. We are tar from contesting its utility, aa it often points out the 
road to be followed in seeking for the truth; but we are obliged to discard 
it6 eqnatloDS when we wish to get even approximate results. 

To harmonize the data and derived reaulta, for they are odIj the 
'nanitetitatioQs of a single cause, the action ofiheat on steam and the 
■notalllc masses surronudtng it while doing external work, has naturally led 
Qs to condemn praoticsll; the generic theory of the Kteam engine. 

Meanwhile it is very uaetul, serving as a guide in our researches, tor we 
hsve been led by it to make this study ol the densities and volumes ol the 
steam. We have had to give up the hypothesis of leaks, the proportiona 
vvre so variable; btit it became evident that the generic theory led to 
errors of 36 per cent., for tlie weight of steam given by the product of the 
voliune and density led ub to the dlHerepaucy and to seek Its cau^je. 

In a non-conducting cylinder the difference of internal heat ut begin- 

^liugaDii end of expansion. U„~U,, should give aa the work of expansion 

■^f.. Out researches showed us that heat furnished from outslile from 

*tin metal which had stored it up by condensiug steam during udmisBlon, 

""I storing up more than was needed for the work of eipansion, the ex- 

'^fxjRl radiation and the change of internal heat, which led us directly to 

'i>^ discovery of the internal radiation or cooling due the condenser Jie, 

'iioli we verified by tlie heat found in the condenser, another form of the 

^*^^ JOQ of the snrtacea. Finally, when we wish, by the aid of the relation 

<^ = McdT -^ dmr — ^d(to verify the work of expansion AF,. by 

7*^* %>pcaing it in a non-conducting cylinder, we arrive at absurdities uud 

f^*-*- possibilities, and on the other hand the natural hypotheaiB of consider- 

/^^ % s part of the muss of metal as water, has led M. Hirn to a relation 

^alub veriQes the work of eipausiou in a very remarkable manner. To 

"**-» up all of our analyses shows that it is only by the practical theory 

"*-*«l we can render an exact account of the facts. 



DIRECT PBAOTICAt RKSULTa OP THESE 

^ In all that has preceded we have only had one aim, that of showing the 

^^wy energetic action of the metallic surfaces inclosiug the steam, showing 
^^liM the errors fonnd in the results of the ordinary theories of steam en- 
^^nea were due to neglecting their influence. 

£acb of our readers will have already perceived the importance of this 
^Toup ol exx'^rlmaots in designing engines. Without doubt practice has 
Ked to more than one happy idea, tor example, the sepnratc oondcnaer and 
*lie steam jackut of Walt; but those ini pro vera eatN. to be valued in exact 
flgnrea, dGmau<ied a complete analysis of the euginc. such us we haTe 
given, for it is only then that the reanlls cannot be gaiDsaid. For in ou 
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day we find some engineers afQrming that it is possible to work a high- 
pressure engine as economically as with condensation; and the utility of 
steam jackets is not yet put beyond doubt, as M. Him has well said in his 
"Analytical and Experimental Exposition of the Mechanical Theory of 
Heat:" "I have already said that the effect of the steam jacket has been al- 
ternately affirmed and denied without there being any real knowledge of 
the matter. Some say the jacket has no useful effect, others, that it gives 
40 per cent, more work with the same steam. It is easy for us to perceive 
the origin of so diverse statements, knowing that under certain circum- 
stances each of them has a foundation. The essential action of the jacket 
consists in diminishing the quantity Re of heat that the steam takes from 
the surface to the condenser, and in augmenting the work of expansion 
AFi, but this action varies with the engine itself. In the study of the sin- 
gle cylinder engine we found that in diminishing Re and increasing 
AFi the jacket only gave little heat to steam during expansion, and that 
the greater part of the useful heat given by the surface came from the 
heat stored during admission. 

"The study of the double cylinder *Woolf engine shows us on the 
contrary that it is the heat given by the jacket which increases A F^. 
Before such striking differences, due to such apparently insignificant 
difference of details, wo are brought to recognize that a single cylinder 
unjacketed engine may by reason of details better utilize the heat stored 
in the surface during admission than any other. It is not impossible, but 
even probable, that the relation between A Fa and Re depends, for in- 
stance, upon the proportion between diameter and stroke, or the total 
volume to the volume at cut-off. It is evident that the jacket will give 
results less marked upon the engine which works best without it, and 
better when A F^ is small compared with Re. In a word, the results of a 
steam jacket may vary within 10 to 25 per cent.** 

The same method of analysis gives the economy which should be 
realized by compression. This economy stated by Zeuner can be experi- 
mentally verified. I have found 10 per cent, for a ** Woolf " engine, but it was 
only by following all the transformations of steam in the cylinders, that it 
was possible for mo to solve this problem and to bring a first experimental 
confirmation to the fine theorem of Zeuner. 

We give, then, summing up in a last table, on opposite page, the re- 
sults of our eight experiments, believing it easier to follow the problems 
with their experimental conclusions, for a glance will establish the 
relations. 

The first anomaly that strikes us is that the consumption in experi- 
meiits made in 1873 is different from those of 1875 under the same condi- 
tions. Tlie explanation is that the engine had a new cylinder with larger 
ports, and the exhaust was considerably earlier. Thus a modification 
which in the limits made would seem unimportant, has produced an 
imi)rovement of 9 per cent. Tliis i)roves that nothing should be neglected 
in designing an engine. 

We shall be forgiven if we speak^again upon the question of leakage, 
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the practical importonoe of tbe subject is reaaOD lor retarnlng i 
for ttiis eogiiK!, which we showed to be anfflcientlr tight, but a' 
oondltions bwring apoa the coaatruction of engineB. 
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"We have seen that it waa impossible to attribute to leakage the Bteam 
vsondeiued daring admission, and ve had to couclude that the eeglno 
X>istoti WM tiglit, the paokiQg of the most aimplo Iciiid— two cast iron TingH 
'fc'nrned luger tlian the ojlieder, ont and sprung in. the two eods coming 
'together. Some bnilders think this lacks elaaticitj; lor cjlinders of large 
«3iAineter, over one metre, the; prefer to have segments set out with 
springs. WUchever are used we can always have tight paokiuga when 
'Well set np and working Terticallj. 

It is ea^ to see that it is the vertical disposition which keeps the pack- 
Xng Id order, tor it places the segments in the most favorable conditions 
XKMoible. Beetlng on the follower, they are in a manner eqnitibrated dur- 
ing motion in the same condition at all points of the stroke, with nothing 
lo connteraot the lateral pressure they exert on the cylinder. They can be 
set with little tension so as lo keep them tight with the least possible 
Aiotios. One should not hesitate for large power with room enough. 
almoBt always to be had with stationary engines, to give the preference to 
-vertical englnea. 

Bat il the problem of tight pistons has been solved for vertical eo- 
Sinea, the results with others is far from being satisfactory; they nearly 
always leak, if not at first, after a short time; and it could not be otherwise 
Irom the cylinder wearing oval from the weight, and the segments not 
being carried by the piston. 

They have tried to remedy this defect, more or less happily in many 
cases, by a steam packing; but this is difficult to odjuat and gives the 
greatest wear at the ends of the cylinder. Sometimes tlie leaks may be 
neglected, but we usually find the horizontal piston in default. 
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In the marine serv^ice they have obtained very good resnlts with rings 
of "anti-f notion** metal, but these are often changed, and watched with 
great care. In any case, it is indispensable to set the piston in such a 
manner that its weight shall not be carried by the ring; to give it a rod 
with rigidity enough to keep it from flexures and to carry it on guides at 
each end. Unfortunately this gives a double extent of cooling surface for 
the rod alternately exposed to steam and air. 

We do not insist upon the economy of the use of superheated steam, 
for the experiments made in 1865 by the Committee of the Society have 
sufficiently proved that. And we only verify the results of that time. 
There is 23 per cent, for the experiments of November 18 and 28, and 20 
per cent, for those of September 7 and 8. 

But it may be useful to rapidly enumerate the evils which are said to 
be involved with its use; to examine its mode of action which Him has 
so well described in his new work on thermodynamics. After having 
analyzed the effect of the jacket, he shows that bringing into the interior 
of the cylinder a greater quantity of heat than comes "^ith the saturated 
steam is more energetic than surrounding the cylinder by a jacket. For 
the heat brought by the jacket, steam condensing on the outside of the 
cylinder has to cross the metal before it can modify the condensation 
during admission, it can not do this rapidly enough, and we And conden- 
sations even in the small cylinder of compound "Woolf** engines, which 
are open to the boiler nearly full stroke; for the heat, and above all, the 
superheat, the steam brings directly into contact with the surface, which 
has been cooled, and we have seen in one of our experiments the expan- 
sion commences with superheated steam. Another precious advantage, it 
furnishes heat without condensing, giving dryer steam at the end of the 
stroke, diminishing by that the internal radiation to the condenser Re. 
It does not, as the jacket does, furnish its heat at the wrong time when 
open to the exhaust. When this commences the surfaces of cylinders 
using superheated steam are at temperatures little higher than that corres- 
ponding to the terminal pressure, the heat lost when the steam escapes is 
then small, while the jacket steam at the boiler temperature accelerates 
the evaporation of the water which covers the surface, sending to the 
condenser the most heat when it should send the least to make Re a 
minimum. 

As for the objection, raised against superheating, we shall say with 
Him, that "Setting aside some excellent but purely theoretic^ works we 
stop before the critical judgment of those who to-day call themselves 
^practical.' We discard nil opinions resting upon anything but facts and 
the spirit of impartial investigation." We can only discuss those among 
them which appear to have a real basis. They always say that superheat- 
ing burns the oil which should lubricate the piston and rod packings. 
Practice has shown that this is not true up to 230° C. (440*^ F.)» and that it 
is not necessary to renew the oil more frequently than with common 
steam; that the surfaces of the cylinder are kept in as good condition 
without cutting, but we know that the steam in the cylinder is still satu- 
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rated, oqIj dryer. Even it brongUt in at 230° C, it is Impoasible to snstain 
tbat it will bum tbe oil and destroy ttie cylinder in wiiich it Is worked. 

Tliere are three questions oF tlie liigheat Interest long discussed in 
many theoretical works which can only be answered by experiments, and 
tbis solution is so natnntl that one is astonished to ttee it so long unem- 
ployed: 1. The limits of euoDomic expansion. 3. The effects oF throt- 
llinB- 3. The use of the condenser. 

/nffuence of Eip ana ion. —The nniversal opinion to-day is tbat the 
greater the expansion the greater the economy of fuel, and one is brought 
naturally to continue it to the pressure of exhaust, and the dimensions 
given tlie cylinder are only limited thereby. BntasM. Hirn has remarked 
in bis book, if we puah expansion too far we bare less npon the piston 
than is required to move the engine and overcome frictlan~we then do no 
good. It is a lower limit whicli should never be passed, nnd IF we wish to 
know how tar wo can reduce the initial volume compared with the flnal 
-volume with a constant consumption our experiments give us the necea- 
Hary Sgures for this comparison. For a long time the question has been 
treated differently in purely theoretical works, and we aliatl see to wliat 
«(TarB the generic theory bas led. such as calculating from inexact experl- 
intal data the low of expansion, For this law is only an empirical state- 

t of tbe exchanges of heat during expansion, changes which vary 

rth the oonditioDB imposed upon the engine, and ol which analyses snch 
we have given oan alone define the value and employment. 
We have operated with an introduction from \ to } the limits ot vulve 
gear. The experiment wlthcut-oSi.ltistrue,wss mode with engine throt- 
tled; but we will justify this later, treating of the question of throttling, and 
we have the results of a lower presnurc than with the other experiments. 

Taking the hgures from the preceding table, with superheated steam 
we have 1 per cent, in favor oF five expansions over seven expansions. 
Exact values; Introduction 0.1G28, consumption T.I26 k.: introduction 
O.iSTO. consamptioD, 7.002. If we correct by a per cent, the experiments 
^Bof November 18 and 2tj. 1SB3, tor the reasons given above, we see ihat tbe 
^Htonsumption of November IS. G.9!)6 k., is very close to those cited. This 
^Konstancy oF consumption holds also with saturated steam as well as with 
^|laperheated, a more remarbable circumstance. Thus correcting, the ex- 
periment of November 28, 1ST3, 11.021 k., and For September 6, 1885, 8.916 
k. per I. E. P., figures within 1.2 per cent. 5uch are the results of exper- 
ience. Let us see, IF possible without a full analysis, which is preferable. 
Between tbe experimeuts of Tth September and 2(ith August, 1875. tbe 
work varied from 113 to 130 U. P.; the water at the commencement ol 
expansion from 24.6 to 0.8 per cent. But it is objected, on the Tth Sep- 
tember the superheating is 20^ less. This is only 2.24 c. loss, or -^. = 1.* 
t almost exactly tbe difference in consumption. 
7.1S 



7,126 



^ 1.7 per 01 
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Thus, wblle using snperliented steam, we liave in the one case tbe ' 
steam drj, )u tbe other with one-fourth water condensed ou the surface). 
All the functions of the engines are conipletely changed in these tffu m- 
perimeuts. On Angust 3G the internal heat XJ of the steam dimlnialiea I 
during tlie expansion, doing the work thereof, and aa the surfaces hata J 
only alisorlied U c, during admission, a part also is radiated to the coo- I 
denser in Re. While on September 7 the internal heat V of the steam I> ] 
nearly constant during expansion within 1.G6 c., it is the surface wliiclk 
doCH the work of expansion, Re having received 33.95 c. ka we see a rad- 
ical difference iu the mode of transmitting beat, and in each expeiimenb- 
the same weight of steam hu8 produced the same work, the final lesol'^- 
being the same. In the presence of such facts, how can one say, from tb^^ 
diagram only, for example, how much expansion should be giren? Tc:^ 
establish this, the verified data are needed whicli we have already nsed. 

We find that when we have carried the introduction to half stroke, bnt^^ 
throttling also to give 135 H. P, for one and 9» H. P. for the other czperi- -" 
meut, thut for each ciise the consumption is not oSeoted by the throttling. ' 
which WHS dlfiereut in the two cases. ThlN permits us to compare the«e * 
experiments with those cutting off ot J and J stroke, finding a saving by 
the latter of ^''^gT^J'""^ = H-SK pet cent, by tbe greater expansion. 

On the other hand, we see that as the work was diminished the pro- 
portion of water at the end of the stroke weis increased, as also th« dead 
loss Ac. By cutting off less than \ we should find d point where Re would 
change the law and the couBumptiou would increase, bat, UQfortOIiRtely, 
the valve gear would not admit of such a trial. 

We have referred to the indicated work, but this is lessened by frlctioD 
tor the uxeful work, and the friction is not proportioned to the indioated 
work. This limits the cut off to between i and J for the best re^inlts (or 
the single cylinder engine. 

Eifftcte of ThrolUing,—T\ie question ot restricting the area of the 
orifices of admission has been less often agitated than the cat oS, and 
like that can only be resolved by direct experiments, fully analysed. 
Before stating the results we have obtained, we will review the oploians 
put forward. Some engineers, basing on the proposition that dry Bteam 
tailing in pressure without doing external work becomes superheated, 
have asserted that throttling was beneficial by evaporating the water 
entrsjned with the steam. But it they look at the second part ot the 
proposition "without doing external work," they must admit that the 
amount ot heat wrought per unit of weight is the same in either case. 

Others, considering only tbi' loss of work resulting, condemn entirely 
alt methods ot regulation baaed on the throttle usessentially defective, pro- 
scribing all governor Ihroltles. They have genei'ally attributed the 
economy that they believtd to exiatin the Corliss engines, or others of tbe 
class, to tbe rapid introduction ot steam at nearly the boiler pressure. 

We should attribute this radical difference of opinion to the conditions 
iu the engines observed, We have seen that in certain Umils of espan- 



Bion tbe oonaumptlon la conHtant, or is inoi'eased. It we wish light work 
we may compote i cut ofF witb }, cnt ofF, and aboold not be astoniabed ut 
a difference ot 14 per cent, betweeu those at Augnst 26 and Seiitember 7 
Witb ^ and i cal-oH. and those of August 27 and September 29 with i 
throttle. 

To compare, we should not take the baaia o[ work done, bnt the cnt- 
oB, and the two experiments at half stroke, witb the valve more or less 
closed. 

The presanre, on Augnst 27, of steam at 223° C. waa brought to2.307 k. at 
cnt-off, and on September 29, witli a temperature ot 220° C, to 1.7458 k., a 
of 0.G612 k. more than halt an atmosphere, and the consumption 



■teas 



altered ' go, = "'^ P" (^"t. Tbe increase is then due to tbe 

pansion, aa we have seen. 
Bnt here, contrary to what was found with different expansions, the 
percentuge of water is almost the same^l.5, or slight superheating, and 
2.5Q per cent, at tbe beginning and 13.1)3 and 16.85 per cent, at tht; end ot 
expansion, while the internal beat has decreased 20.62 c. and 1(;.B2 c. In 
wide enough limita, as we see, tbe throttle has no influence upon tbe con- 
sumption. 

Elff'ect of the Condenser. — As we have said, resting upon facta from 
wbioh the following proposition is derived, that a vapor introduced Into 
a reservoir witb constant volume, of which the surfaces are uot every- 
^irhere of the same temperature, its flnal pressure depends upon tbe 
^Uowest temperature, that Watt deduced for bis condenser. 
^H^ The figureo t'lat we have show an economy of 43 per cent, by tbe con- 
^^panaer over exhaust to tbe air, a result needing little comment. 
^B Let us see. however, as we have done, bow this eftects the changes 
^Hlheat. 

^^M At tbe cut-oS we have 12 per ceiit. condensed and 29.4 c. stored heat, 
^^Vie work of expansion requiring only 14.5 c. and He la zero, as also the 
proportion of final water. The excess from the surfaces has increased 
the internal heat from 163. T2 to 1T7.9T o. We see that the loss Re exists 
in a different form, tbe exhatist carrying off an excess of 14.24 c. to Ibe 
air, aa an increase in its internal beat, and we liave lost work by the in- 
oraaae ot back pressure. 

It is not enough that Re should be zero, as we have said, but the 
internal heat should not Increase to put the engine in the best condition, 
and there should be no lost work, or the best vacuum should be obtained. 
This imposes tbe following condition— the surfaces should absorb only 
the work of expansion. 

Although all our study has shown us bow little freedom we have in 
Imposing conditions upon the action of the surfaces, we believe, reating 
upon tbe experiment of August 26, cut off j, that by tbe use of super- 
heated steam and a jacket, tbe loss of internal heat would have been 
ledDoed txom 26.05 c, and with dry steam at the end ot the stroke dimin- 
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ished Re., but the jacket should be fed by a separate supply pipe, in order 
not to cool too much the working steam. 

There only remains for us to examine what proportion of heat given 
has been utilized to finish these practical deductions. 

When one measures the efficiency of an hydraulic motor, one divides 
the power utilized by that furnished, but for heat engines this is not the 
case. 

Whatever be the body used, in a* heat engine of maximum efficiency, 
the efficiency depends upon the difference of temperatures between which 
it works, divided by the absolute temperature of the source of heat. In 
these unrealizable conditions we should get 249 H. P. for 100 calories, as 
shown by Him. The best of our experiments give 135.77 H. P. for 

172.79 c, or 75.8 H. P. for 100 calories ; ^^'^ = 31.5 per cent. 

We see how far we are from the theoretic effect, and while stating that 
it never can be reached, we should hope for an improvement over what 
is practically 30 per cent. 

To sum up, thanks to the numerous checks which the method employed 
permits, we have established the considerable influence of the action of 
the internal surfaces upon the action of steam in engine-cylinders, and 
have shown how, by employing superheated steam without prejudice to 
jackets, a considerable loss may be brought to a minimum, the cooling 
due the condenser Re., and within what limits it is judicious to confine 
expansion. 

Such are the results of the series of experiments carried out under 
the direction of M. Him, and our readers can jndge of their great im- 
portance.* 

Experimental Study Compabing the Influence op Expansion in 
Simple and Compound Engines. — A Papeb Bead Befobe the In- 
dustrial Society of Mulhouse, December 30, 1878, bt M. O. Hal- 

LAUEB.f 

The comparison of the many experiments made upon " Woolf ** engines, 
and the engine of M. Him, with superheated st«am, led me to a principle 
which has been <;onflrmed by the analysis of the compound engines in 
use in the French navy. I had stated the conclusion in a paper presented 
to the Society on the 30th January, 1878: 

One can always construct a single cylinder verticaUheam engine^ steam 
Jacketed tpith four valves, which shall he at least as economical as the verti- 
cal " Woolf beam engine, for expansions from 4 to 7, if the clearance does not 
exceed 1 per cent, of the cylinder volume. 

This conclusion is based upon the total work of the engine, supposing 

*The8e papers are given in the direct reverse of the order of their orlgliiAl pnblioa- 
tion, but perhaps not of their value. —C. A. 8. 

tM. Keller's summarv of the following experiments was given in the opening section 
of this Chapter.— C. A. 8. 
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a perfect vociiimi — In a word, we conalder Uie Intrlasla work of tbo steam 
itaeir. 

In this memoir 1 have had nccosion to examine the various eonBideta- 
tlons which serve to establish the superiority ot the "WoolC system, outside 
of the exiierimeutal domain. 

These same considerations I have again found developed under a form 
nearly identical but very marked in two works, concerning the "Woolf" 
engines, with expansion in the small cylinder. The authors there sum up 
what is Kenerally admitted in favor of the "Woolf" system, which I will 
cite literally to allow the reader to appreciate the utility of my previous 

The nret of these works naa published at Kouen by MM. Thomas & 
Powell, engineers. It contains the experiments mode in June, 1876, by 
M. H. Roland, Engineer of the Norman Association ol Steam Users, and it 
opens thns: 

'Double cylinder engines, in which the steam acts aiiccesaively. pro- 
duce motive force most economically when well constructed and managed. 
The advantage is because the small cylinder Is only in communication 
with the condenser for a moment, the large cylinder only being more con- 
tinually 8o, and the first action is to withdraw a portion ot the force 
Rroduced from the cooling action of the condenser and the internal con- 
pneatioD which is the immediate consequence, 
"The steam arrives at the large cylinder partly expanded, and conse- 
Dently at a lower temperature than that in the jacket, and is easier 
warmed and the condensation notably lessened. 

-The employment ot two cylinders permits us to carry the principle 
of expansion to its extreme limit with the best economic conditions, the 
force generated is divided, the efforts better carried and the differences of 
power between beginning and end ot t^troke are less than In a single 
cylinder engine; working with the same admissions there results a 
smoother operation. Because of the vertical cyliDdem and perfect eqni- 
n of the pieces attached to the beam the frictions are reduced and 
e useful effect is very high. It is to these qualities that the long life of 
e engines is to be attributed. We can cite some which have worked 
riy years and which, alter modifications with comparatively little cost, 
» in perfect order tor work and consumption. 
'The addition of a 'Correy Governor Expansion Gear,' assures to the 
s which are furnished with it a perfect uniformity of speed and 
momic utilization under all loads." 
The second work, published in 187H, in the Annual of the Society ot 
Oroduates of the tichoola of Arts and Trades, under the title ot "Notes 
Upon Doable-Oylindar Engines," contains the results ot experiments made 
~ y M. Qnt'm, upon engines ut St. Remy, constructed by MM. Powell. 

'Among the different types of engines actually in use, " ssys M. Qnijm, 

'Wool!,' with two cylinders jacketed. In which the steam acts suo- 

aivaly, is that which gives the best economy in prodaction of motive 
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"la tbese eugineH the Hteam acts flrat with or withoat eipaaslon In Die 
smnll cylinder, tlien with expansion iu the large cyliuder. TJie latter imlj 
in in communication witL tlm uoudenser. By this arrongouieDt u portion 
of tlie foroe produued esunpes the cooling action ol tlie condenser and the 
internal cylinder condenBatiou. 

'Finally, because tbe jackets are connected witli the boilers, tlie ex- 
panding steam iu the ISirge cylinder is at u temperature below that of tlie 
jacket, and is warmed thereby, and the cylinder condensation is notably 
letisened. 

"The employment of two c-yliudors permits the beat realization of ei- 
panxiun, which in these 'Woolf engines can be curried to its limit. 

'Tbo difference ol force between the beginning and end of the stroke 
is less In double than in single cylinder engines; there resolta smoothtir 
working. 

"Because of tbe lesser difference o( pretisures there ore less risks of 
breaking. 

"Finally, leakage of steam by the admission valve is less prejudicial 
than in single cylinder engines. 

"In 'Woolf beam engines the balancing ol weights reduces the fric- 
tion, and the useful effect is consequently high. 

"We have said that their principle assures to the 'WoolC engines regu- 
larity of speed. That is true, but the regulators wbicli have been appUed 
for tbe purpose of rendering the speed uniform under variable loads have 
been far from perfect or tram giving the desired results. 

"Tbe apparatus, long employed upon single -cylinder engines, in the 
conical governor and butterfly throttle. 

"Not only is the governor throttle unsatisfactory in point of speed, but 
its operation is bad tram the standpoint of economy. 

"In effect it operates upon the steampipe, opening or closing a pas- 

"Tbere results a throttling which produces an expansion not only 
useless but prejudicial in the pipe and steam cbest, conaequently a low- 
ering of Initial pressure, which loas of force augments the consumption of 
fuel. 

"It had been desirable to put on 'Woolf' beam eugines a variable expan- 
sion gear which should bo easily put on, which should give these engines 
great regularity of speed, avoid the evils of throttling, and obtain a 
gi'eatcr expansion. 

'Valves with lap which had been applied for some years to these en. 
gines were a great improvement, but tbe eipansiou wo^ hied and was not 
sutHoient in moat cases, and moreover the throttle was retained. 

"Correy's variable gear permits us to add to the advantages of the 
'Wooll' engines tbe removal of the throttle, retaining an economic use of 
steam under all loads." 

Of all the foregoing considerations one only is not to be contested; it 
is as UM. Powell say, that the efforts are better distributed and tbe differ- 
ences ol force between tbe beginning and end of tbe stroke are less U 
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k single-ciylinder enginea, and the moTsment amoolbei'. BnC it sbould 
t be oouclttded from this long-kDown fact thut the UBeFul effect of 
■ double-cylinder englneB in high and economicBl. The brake exporiments 
made by the Meclianical Committee of the Industrial Society at Miiihouse 
have proved that the friction of the engines absorbs more power in 'WoolC 
engines than in single- cylinder engines, 

1 have already sliawn in my puper of IHTS what economy can be real- 
ized by expansion in a separate cylinder. But the principle which I have 
stated has raised so many contradictions that our mechanical committee 
has deemed it pmdeut to hold itself in reserve when it states In these 
terms at the cloae of my work : 'Many times already the committee has 
given its entire approbation to the truitlol experimental method followed 
by onr colleague, and recommends to the attention of nil engineers the 
resnlta of the experimentB contained in this work, reanlts which appear to 
liim nnattackable. On the contrary, the committee believes It should be 
less positive in tbe conclusions ol the autbor; it desires to see them ood- 
Brmed by a great number of cases, and above all by varied experience in 
the widest field," I believed it iiaetnl to renew this question with new 

data, and more, 1 have added the study of an expansion, more or less, in 

tlie small cylinder of the 'WooIT engine. 

^r Cui there be a notable economy in cutting off in the small cylinder of 
^& "'Woolf " engine and expanding, for example, 2S times? Such is the first 
<3ucstlon which we shall attempt, for it is necessary to verify the con- 
sumption reported in each of the experiments which we shall cite, and 
fcbia defines tbe decree of confidence which we shall give them. 

It may be tisefnl to recall to onr readers, in tbe interest ')( the qties- 
^ion wluch occupies us, tbe passage in my memoir of 1878, bearing upon 
'tbiB question of the influence of expansion. 

Tbe three engines where the expansion was effected in a separate 
«!ylinderare ranged in order of tbeir consumption per total horse-power 
X»er hour.' 

Vertical Woolf engine, T.1I2 k. (15.4 lbs.); horizontal "Wooll" engine. 

fm k. (15.9 lbs.); compound engine, 7,510 k. (IS.* lbs.). But litis is also 
orderot expansion: Vertical "Woolf, "7 times: horizontal "Woolf,"6 
es; compotuid, 5 times. 
The fact that tbe consumption per total borse-power per hour was 
tnoreased by changing the cnt-off from j to ^ was also found with tbe 
single cylinder engine using superheated steam. But we should observe 
that the reduction of the volume at cut-off causes a reduction of useful 
work bj tbe engine, and at tbe same time a relative increase in tbe back 
L pressure work. In the engine with superheating, and above all in the 
I "170011" engines, this Increase of back pressure work not only anouU the 

ire tor s Cbevml de Vapenr, cnaslftted B. F. EBglleb eqniva- 

.-C. A. 8. 
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economy ot a prolonged expitnsion. but even causee b greater espeDHe. 
Also the back pressure work psasing trom IT to 20 per cent- destroys the 
economy of tlie vertical "WooK," when tLe regulating valve lowering the 
pressure reduces the work from 347 to 267 horee-power. 

The doouments which wUl serve ub in the study of eipnsaion are: 

1. EiperimentBniHde in 1877 atMunster upon a "WooK" beam engine. 
built by the Arm ot Andre' Koeclil in (reoll; tbe Alsiktiaa Society ot Mechau- 
ic3al ConstrnctioDH), and figuring in my memoir ot 1876. 

2. Brake Eiperimenta by the Mechanieol Committee of tbe Indnslrial 
Society in 1R76 upon a horizontal •'Woolf by the same builder, and given 
in the Bttltfiine, July. 1>*77. 

3. Experiments made in IH77 by the Alsatian Aseooiation of Steam 
OBBrsupona vertical "Woolf " engine at Malmorspach Laving a variable onl- 
otT in the smnU cylinder, by the same builder. 

4. Experiments made upon "Woolf" beam engines with expansion in 
the small cylinder, built by MM. Thomas and T. Powell, of Roueu. and 
tried, one in 1^77 at St. Bemy upon Arne by M. Qu^m, and the other, in 
1HT6, by the Norman Association of Steam Users, this latter innning the 
shops ot MM. Fauqnet-Leraaitre ol Bolbee. The direct results ot these 
experiments upon the Powell engines and that at Malmerspach have been 
given me by M. H. Walther-Meuuier, Engineer of tbe AlBfltian Association 
ot Steam Users. I have checked and analyzed them. The analysis of the 
other experiments is given in my preceding paper, as I have already 
said: Andre KoeeliUn, "Woolf Beam Engine workiug at Munster. variable 
power by throttle expansion, 7 times. .^^^^ 

OBBOK CPON CONRUHPTIOM, HAUOED DtKBOTLY, TASIKfi Ail A BASS 1^^^^| 

I.— Forces des Ohevauxs, translated horae-powor, I. H.P., 347.1(1; revo- ' 
lutlons per minnte, i^.^5; net H. P. on brake, ^id^i.m; mechanical effl- 
oienay, Hl.'.i per cent.; proportion ot back pressure work to total work, 
17. 43 per cent.; back pressure on largo piston, 0.'J!):i k. (4/2 lbs. per sq. i^^^H^ 
(Boiler pressure, It7 lbs. above atmosphere.) ^^^^M 

Per Single Stroke. ^^^H^ 

Heat brought by dry saturated steam 0.<Jl'2-3k. x 654.113 o. =597.1S)c. 

" " - water entrained n.(i29(l k. x 157.17 e. = 4.44 c, 

" " steamcoudensedinjaeketsn.uSHik. x 496.56 a. = 13.8U o. 

Total heat brought to engine li45.5S c. 

Beat kept by the stoam leaving condenser II.U413 >: 34.36 = —32.114 o. 

Q... .... fii:t.2Hc. 

•In Che table triven. on mite l»llliLBeiiKlas la beaded u "Vertlnl Woulf." Tbe error Is 

(An these com pa LAtloim are cbeck'. all Ibe Frenah aatta will be ret>)">d •"'< •■■'- 
thing added rroiD other BODioes vUl be imt la { I. 
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Heat given to water of condensatioD, Q, 29.1072 x 18.05 = 525.38 c. 

Qo—Qx = 613.28 c. — 525.38 c = 87.90 c. 

The total work absorbed 72.79 c. 

The external radiation 7. c. 

79.79 c. 

Instead of 87.90; or an error of 87.90 — 79^9_ ^ ^5 per cent 

645.52 

The heat found in the water of condensation should have been 613.28c. 
— 79.79 c. = 533.49 calories; it was only 525.38 c. consequently too little. 
The total heat brought to the machine per stroke is 645.52 c. which to be 
more intelligible we will transform into a weight of dry saturated steam. 
In accounting for the work of the engine this weight will serve as a unit 
of comparison for other engines, and will be better comprehended under 
that form than the number of calories expended per horse -power which 
it stands in plaoe of. 

Consumption of dry steam per stroke, ^^'^^ ®- = 0.98698 k.; weight 

654.03 c. 

of dry steam per total horse-power per hour, 7,112 k.; per indicated 

horse power, 8.614 k.; per net horse-power, 9.864 k.* 

U.-<I. H. P., 267.85; revolutions per min., 25.2.; net on brake, 226; 
mechanical efficiency, 84.3 per cent. 

Proportion of back pressure to total work 20.52 per cent. 

" " back pressure, 0.277 k. (3.9 lbs.). 

(Boiler pressure, 60 lbs. above atmosphere.) 

Per Single Stroke. 

Heat brought by dry saturated steam 0.7124 k. x 652.93 c. = 465.14 c. 

" " entrained water 0.0238 k. x 153.74 c. = 3.66 c. 

" ** " steam to jackets 0.0794 k. x 499.19 c. = 36.63 c. 



«( 



to engine 505.43 c. 

kept by steam leaving condenser 0.7362 k. x 29.10 c. = —21.42 c 



Qo 484.01 c. 

Heat given to injection water 29.3406 k. x 14.3 c. = Qi = 419.57 c. 

Difference 64.44 c. 

The total work 56.27 c. 

•* external radiation 7. c. 

63.27 c. 

Error, ?i-^ ~ ^t^I = 0.23 per cent. 

The heat found in condenser is too small, it should have been 484.01 — 
63.27 = 420.74 c. 

*Theae weights are from feed water at Qu c. I should sngKest as divisor the term 
Qo.— 0. A. & 
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The heat brought per stroke is 505.43 c; it represents a oonsumptia 
of dry saturated steam of 

5!?^ = 0.77409 k. 
652.93 

Weight dry saturated steam per hour per totcA horse power 6.945 

*^ indicated horse power . . 8.739 

" net ** '* .10.357 

III. — I. H. P. 185.75; revolutions per minute, 25.4; net on bi 
145.52; mechanical efficiency, 78.3 per cent. 

Proportion of back pressure work to total work, 24.1 per cent. ; ba^ 
pressure on large piston, 0.234 k. (3.3 lbs.). 

(Boiler pressure 50 lbs. above atmosphere.) 

Per Single Stroke. 

Heat brought by dry steam 0.5401 k. x 650.69 c. = 351.43 c. 

** entrained water 0.0145 k. x 146.22 c. = 2.12 c. 

steam condensed in jacket . 0.0640 k. x 504.47 c. = 32.28 c. 






it 



Total 385.83 c. 

Heat kept by steam leaving condenser 0.5546 k. x 23.46 c. = — 12.65 c. 



(< 



Qo. 373.18 c. 

found in injection water 30.5688 k. x 10.56 c. =: Q, = 322.80 c. 

Qo — Qi 50.38 c. 

The total work 38.71 c. 

External radiation 7. c. 



Error. 



50.38 — 45.71 



45.71 c. 



= 1.2 per cent. 



385.83 

The heat found in the condenser is too little, it should have been 
373.18 — 45.71 = 327.47 c. 

The heat brought per stroke, b85.83c.; it represents a consumption 

of ?^^-:?? = 0.59295 k. 
650.69 

Weight of dry saturated steam per hour per total H. P 7.384 k. 

ind. H. P 9.730 k. 

net H. P 12.411 k. 

Uniting in one table the results of these three experiments, we find 

little diflference per total horse-power, only 3.7 per cent, for a change 

from 183 to 347 horse-power. 

TABLE I. 
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it 



<t it 
if (( 
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n. 



Force indicated 

Steam per hoar per total H. P.. kilos 

Back preBRure work in per cent, of total work 

Steam per hoar per indicated H. P 

Net work in per cent, indicated work 

Steam per hoar per net H. P 



347 

7.112 
17.43 

8.614 
«7.30 

9.H64 



267 

6.945 
20.62 

8.739 
84.30 
10.357 



lU. 



185 

7.384 
24.10 

9.730 
78.30 
12.411 
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We note that the cost of a total H. P. is 6 per oent. less for 267 than 
for 185 horse-power. This economy disappears for the indicated H. P., 
which is best for 347 H. P. 

If these two sorts of consumption follow a distinct law we owe it to 
the back pressure work, which changes to 17 per cent, from 24 pei^ cent. 
An analagons cause produces greater differences in the cost of a net H. P. 
The efficiency changes between 87 and 78 per cent, because of the friction, 
and we are not astonished to see the cost of a net H. P. differ by 20.5 per cent. 
It is the practical loss to which we put an engine working at 185 H. P. which 
can give 347, and is due to the back pressure and friction. But we should 
not conclude, as is often done, that this loss is due tu throttling. 

The difference of 3.7 per cent, that we find in the cost of a total H. P. 
is )hat due this evil influence, and ia very little; or adding the slight in- 
crease over Experiment II. 

I then legitimately concluded in my last work " that we are led to 
adopt the most simple regulator, an expansion variable by hand and a 
governor throttle." When the variations of work are large we can, by 
hand, without stopping the engine, change the introduction for the 
small intermediate differences the governor acts upon the valve. It is 
well understood that we do not here speak of engines where the force 
varies nearly instantly, for example, to double. This disposition per- 
mits us, as we have seen, to obtain all the benefits of a prolonged expan- 
sion, admitting that it gives a notable economy, of which the results of 
the following experiments will permit us to judge. 

. "WOOIiF** BEAM ENGINE BT ANDRE KOEOHLIN, AT MAIiMEBSPAOH. 

Expansion in the amall cylinder. Checks on the gauged consumption 
from the heat gained by the injection water, 

£. — I. H. P., 143.11; revolutions per minute, 26.2; net horse-power, 
118.38; efficiency, 82.7 per cent.; back pressure work in per cent, of total 
work, 18.6; back pressure on large piston, 0.181 k. (2.5 tbs.); expansion, 28 
times. (Boiler pressure, 67 tbs. above atmosphere.) 
Heat brought by dry steam 0.3479 k. x 654.03 c. = 227.53 c. 

" " entrained water 0.0200 k. x 157.47 c. = 3.15 c. 

steam to jackets 0.0324 k. x 496.56 c. = 16.09 c. 



(< (( 



246.77 c. 
Heat kept by steam leaving condenser 0.3679 k. x 19.01 c. = — 6.93 c. 

** expended, Qo 239.78 c. 

" rejected in condenser 21.8781 k. x 9.06 c. = 198.21 c. 

41.57 c. 

" in work done 28.97 c. 

" external radiation 4.6 c. 

33.57 c. 

Error, ^^'^^f ^'^= 3.2 per cent. 
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The heat found in the mjeotion water is too small, it should have been 

239.78—33.57 = 906.21 c. 

The total heat brought to the engine per single stroke is 246.77 c, it 

04.A 77 
represents a consumption of dry steam of fzrLll= 0.3773 k. 

654.03 

Weight of dry steam per hour per total H. P 6.731 k. 

" '» " " ** " ind. H.P...; 8.273k. 

•* ** " " ** '* " net H. P 10.019 k. 

C— I. H. P.,215.7; revolutions per minute, 25.47; net on brake, 185.69; 
mechanical efSciency, 86.1 percent.; back pressure work in per cent, of 
total work, 15.6; backpressure, 0.226 k. (3.2 tbs.); expansion, 13; (boiler 
pressure, 70 tbs. above atmosphere). 

Heat brought by dry steam 0.5338 k. x 654.45 c. = 349.34 c. 

" " " entrained water 0.0304 k. x 158.88 c. = 4.83 c. 

** steam to jacket 0.0449 k. x 405.57 c. = 22.25 

Total 376.42 c. 

Heat kept by steam leaving condenser 0.5642 k. x 23.21 c. — 13.09 c. 

** expended, Q^ 363.33 c. 

" gained by injection water 21.9136 k. x 13.48 c. = 295 39.c. 

67.94 c. 

" in work done 44.83 

" external radiation 4.6 

Error, ^l^^i^:^ = 4.9 per cent. ^^'^^ ^' 

376.42 ^ 

Heat found in condenser should have been 363.33 — 49.43 = 313.90 c. 

** brought per single stroke 376.42 c. 

Represents a consumption of dry steam £lZ::zf= 0.5751 k. 

654.45 

Dry steam per hour per total H. P 6.878 k. 

" " " " " ind. H. P 8.149 k. 

** " net H. P 9.465 k. 

F.— I. H. P., 149.53; revolutions per minute, 25.93; net on brake, 124.74; 
mechanical efficiency, H3.4 per cent.; back pressure work in per cent, 
total work, 17.5; back pressure on large piston, 0.175 k. (2.4 tbs.); expan- 
sion, 25. 

Heat brought by dry steam 0.3052 k. x 654.03 c. = 238.85 c. 

" " " entrained water 0.0210 k. x 157.47 c. = 3.30 c. 

** to jackets 0.0350 k. x 496.56 c. = 17.38 c. 

Total : 259.53 c. 

Heat kept by steam leaving condenser 0.3862 k. x 19.43 o. = — 7.50 c. 

** expended, Q^ 252.03 c. 

" given to injection water 21.2674 k. x 9.89 c. = ^i = 210.33 0. 

41.70 0. 
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Heat in wovk dfine 30.51 

" " externa Iradiatton 4.6 

35.11 c. 

Error, ^1-70 — 35.11 ^ 2.5 per cent. 
259.53 

Heat found in condenser should have been 252.03 — 35.11 = 216.92 c. 

Heat expended per single stroke 259.53 0. 

Bepresents dry steam 259^ _ 0.3968 k. 

654.03 

Dry steam per hour per total H. P 6.821 k. 

" " •* ind. H. P 8.260 k. 

" '* " ** *' net H. P 9.898 k. 

D.-— I. H. P., 212.92; revolutions per minute, 24.83; net on brake, 
183.67; mechanical efficiency, 86.2 per cent,; back pressure work in per 
cent, of total work, 14.9; back pressure on large piston, 0.218 k. (3 lbs.); 
expansion, 13; (boiler pressure, 70 lbs. above atmosphere). 

Heat brought by dry steam 0.5443 k. x 654.45 c. = 356.22 c. 

" ** ** entrained water 0.0310 k. x 158.88 c. = 4.92 c. 

" *' to jackets 0.0462 k. x 495.57 c. = 22.89 c. 



Total 384.03 c. 

Heat kept by steam leaving condenser 0.5753 k. x 27.02 c. = — 15.54 c. 



" expended, ^o 368.49 c. 

found in injection water 18.0071 k. x 17.07 c. = ©, = 307.38 c. 



(< 



61.11 c. 

" in work done 45.39 

" ** external radiation 4.6 

49.99 c. 

Error, ^^-^^^'^^•^^ = 2.9 per cent. 
384.03 ^ 

Heat found in condenser should have been. ...368.49—49.99 = 318.50 c. 
Heat brought to engine per stroke 384.03 c. 

Represents dry steam per stroke ^*™ = 0.5867 k. 

654.45 

Dry steam per hour per total H. P 6.983 k. 

" " ind. H. P 8.210 k. 

netH.P 9.517k. 

This Malmerspach engine is composed of two coupled on the same 
shaft, and experiments E and C were made on the left, while experiments 
F and D were made on the right-hand engine. We note that three of 
these experiments, E, F, D, check to 3 per cent, nearly, but C only to 5 
per cent.; however the direct measurement is correct, being sensibly that 
of experiment D. 
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Expansion 

I. H. P., Ch. de V 

Dry steam per hour per total H. P., ks. 

Per cent, back pressure work 

Dry steam per hour per Ind. H. P., ks 

Per cent, of mechanical efflclency 

Dry steam per hour per net H. P., ks 



TABLE n. 
E. 


F. 


C. 

IS 
216 

6.878 
15.6 

8.149 
86.1 

9.466 


D. 




28 
143 

6.731 
18.6 

8.273 
82.7 
10.019 


25 
149 

6.821 
17.6 

8.260 
83.4 

9.898 


13 
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, , 


6.90 
14.9 

8.210 
86.2 

9.517 



Table II. sums our four experiments. The figores which are there, 
compared with Table I., permit us to decide if it is more advantageous to 
work with the throttle than with a cut-off in the small cylinder, or the re- 
verse. If one is obliged to produce from an engine too small a power, either 
way is used, but for a careful comparison it is necessary to take if possible 
the work with the same difference in each. For example, Malmerspach 
Engine C and E; I. H. P., 215 and 143, being 3.2; expansions, 13 and 28; 
and the Munster engine, II. and III., I. H. P., 267 and 185, being nearly 
the same ratio, expansion 7. 

In dry steam per hour per total H. P. there is a difference between 

6.945 k., with 267 H. P., and 7.384 k., with 185 H. P. of I:??^ — 6.945 ^ 5 ^ 

7.oo4 

per cent, in favor of the larger power, both obtained by throttling. 

If in the second engine we pass from expansion 13 to 28, the differ- 
ence in dry steam per total H. P. is ~ = 2.1 percent, in favor of 

6.878 

the lesser power, 143 H. P.,; in these limits there is little to choose, for the 
difference is within the errors of observation. 

It seems as if there was an economy of 5.9 + 2.1 = 8 per cent.; on the 
other hand, the 267 H. P. corresponds to the least consumption, 6.945 k. 
which has been obtained by throttling 1.342 k. at the cut-off (18.8 tbs.). As 

this only cUffers 6.945 — 6 878 _ q cj per cent, from that for 215 H. P., 

6.945 

wo conclude, as before, that it is unimportant. 

We find ourselves here in the face, of a contradiction which we can 
elucidate later after having given the complete analysis of these engines. 
For the time we have only to note how the heat of the injection water checks 
the consumption and fixes the degree of confidence which we should give 
to each experiment. 

These remarks, based upon the amounts used per total H. P. per hour, 
only refer to the work of the steam itself in the cylinder. They are not 
affected by poor vacuum, nor the friction of the engine. The influence 
of these two elements is only felt when we consider the indicated work 
and the net work. Thus, in passing from experiment £ 143. H. P., ex- 
pansion, 28, to experiment C, 215 H. P., expansion 13, the consnmptionB 
differ per indicated H. P. 1.5 per cent, and per net H. P. 5.5 per cent. 
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This difference is in the reverse order of that for the total H. P.; it shows 
that practically there is 5.5 per cent, loss in changing from expansion 13 
to 28. These same causes, back pressure work and friction, have brought 
for the Munster engine, with fixed expansion 7, stronger effects — increased 
to 16} per cent, when throttle causes the work to fall from 267 H. P. to 185 
H. P. 

Upon the same engine at Malmerspach, and before the application of 
expansion gear, there had been made an experiment, with the object of 
defining the economy realized, which we will check as before. 

B.— Indicated H. P., 201.64 H. P.; revolutions per minute, 24.18; net 
on brake, 172.80 H. P.; mechanical efficiency, 85.6 per cent.: back pressure 
work in per cent, of total work, 16.4; back pressure, 0.235 k. (3.3 tbs. per 
Bq. in.); expansion, 6; (boiler pressure, 67 lbs. above atmosphere). 

Heat brought by dry steam 0.5823 k. x 654.03 c. = 380.84 c. 

** entrained water 0.0312 k. X 157.47 c. = 4.91 c. 

to jackets 0.0330 k. x 496.56 c. = 16.38 c. 

Total 402.13 c. 

Heat kept by steam leaving condenser 0.6135 k. x 22.73 c. = 13.94 c. 

• expended, ^o 388.19 c. 

" found in injection water 22.6234 x 14.50 = ft = 328.04 c. 

60.15 c. 

" in work done 44.14 c. 

" ** external radiation 4.6 c. 

48.74 c. 

Error ^^'^^ ~ 1^*^^ = 2.8 per cent. 
402.13 

The heat found in injection is too small; it should have been 388.19 — 
-48.74 = 339.45 c. The heat per stroke is 402.13 c. 

It represents ~};]f^ = 0.6148 k. dry steam. 

654.03 

Dry steam per hour per total H. P 7.402 k. 

"ind. H.P 8.847k. 

" net H.P 10.301k. 

The result of this analysis, if we consider the engine in good order 
when the experiment was made, which we will suppose to be the case, 
compared with experiment G. 

B.— Expansion 6, C. —Expansion 13. 

Per Total H. P. I'M — -?•?!? = 7.1 per cent. 

7.402 

Perlnd. H. P. ?-MlIL^-il^ =8 per cent. 

8.847 ^ 

Per Net. H. P. 10-301 - 9-^^ = 8 per cent. 

10.301 ^ 



by C over B. 



• 



I have valued the friction by the brake eipflrimenta of oni Mecbulal 
Committee. We «hall nee liow lar MM. PoweU bave obtained tbe same «i- 

efflaieuta upon their "Wool!" ecgiuea. 

aoBIZONTAI. " 



t.— I. H. P., 130; revolutlone per minute, :iH.37; net on brake. 112.08; ) 
mechanical eMoieucj, Wi.l per cent.; back presanre work in per cent, ol 
total work, W.W.; back pressure, 11.253 k. (3.5 lbs.); eipanajon, «; (boil« 
pressure, sa lbs. abovi> atmosphere). 

Heal brought by dryateam 0.2296 k. * 65a.*6o. = 149.15 *■ 

" enttaineil water ll.OOia k. x 153.17 o. = 1.3* *■ 

to jackets O.IKittS k. x B(i«.29 o. = 13 .10 _ ^ 

Total 163.51 ' 

Heat kept by steam leaving condenser 0.9965 k. x 26.30 c. = C.19 

" expended,^, 157.»a 

- round in Injection water ... W.«2(i2 k. x 9.20 o. = 1S*..tO.^ ^ 

2a,B3^ 

" in work done 17.45 c. 

in extemiil radiation 3.5 c. 

30.95 (S:^ 

Error ^'^-'^J r- *!:?5 _ j jg ^^ ^^j 

The heat gained by injection should Jiave been 157.32 — 20.95 = 136.37 c.^ 

Heat per single stroke 163.51 c— * 

llepresents dry steam per stroke, . &^b ~ fl.350() k. — 



There is only 1.3 per cent, difference between the oonanmption per 
total U. P., and that in experiment B; while lor the indicated B. P. there 
U 3 per cent, in the other direction. 

II.-l. H. P., IMI; revolntions per minute, 39.B7; net on brake, 1(11 H. 
P.; mechanical efficiency, lti< per cent.; bock pressure work in per cent, of 
total work, 17.3; back pressure, 0.305 k. (4.1 His.); boiler pressure, 54 Ihs. 
above atmosphere). 

Heat brought by dry steam 0.3134 k. x i>5a.69 o. = 204.SS o. 

" entrained water 0.0134 k. x 152.96 o. = 2.06 o. 

' " tojackets 0,0271 k. k 4i«).73 o. = IS.Sio. 

Total 220.14c. 

Heat kept by steam leaving condenser 0.320H k. x 23.90 c. = 7.81 o. 

" expended,!^, 212.33c. 
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Heat rejected in injection water 14.5795 k. x 12.58 c. = 183.41 c. 

212.33 — 183.41 = 28.92 c. 

" in work done ^24.12 

" in external radiation 3.50 

27.62 c. 

Error ^^ooTi^— = ^'^ P®'' ®®^*- 

Heat brought per stroke 220.14 c. 

Bepresents dry steam per stroke f?-T^A = 0.3372 k. 

652. 69 

Dry steam per liour per total H. P 7.328 k. 

ind.H.P 8.878k. 

" net H. P 9.975 k. 

The consumption per total H. P. is nearly the same as for the preced- 
ing experiment, bnt for the indicated and net H. P. there is a marked 
improvement by better efficiency, and less proportion of back pressure 
work, although the vacuum is not so good. This is a fact which we have 
many times noted. 

Finally, that we may not lack generality in our conclusions of the 
inflaenee of expansion in the small cylinder, I will give the results of ex- 
periments made upon the engines constructed by MM. Powell. Little 
different from the preceding, they are designed with a view to an early 
cut-off in the small cylinder, but distinguish themselves by the excellent 
vacuum, 0.100 k. of back pressure (1.4 lbs.) on the large piston. We shall 
see that for 19 expansions the consumption per total H. P. is nearly the 
same as that we have found for 13 and 28 times. 

"WOOIiF" BEAM BNOINE BT POWEIiL, WOBKING AT ST. BEMY. — EXPEBIMENT 

BT M. B. QUEM. 

Expansion, 19 times; indicated horse-power, 137; revolutions per min- 
ute, 24.503; net on brake, 107.88 H. P.; mechanical efficiency, 78.7 per cent.; 
back pressure work in per cent, of total work, 9.9; back pressure, 0.102 k. 
(1.4 tbs.); (boiler pressure, 70 lbs. above atmosphere). 

Heat brought by dry steam 0.3222 k. x 654.42 c. = 210.85 c. 

•* entrained water 0.0110 k. x 158.80 c. = 1.75 c. 

to jackets 0.0412 k. x 495.62 c. = 20.42 c. 



M 



Total 233.02 c. 

Heat kept by steam leaving condenser 0.3332 k. x 27 c. = — 8.99 c. 



« 

M 



M 



expended, ^o 224.03c. 

found gained by injection water 10.8511 k. x 18.24 c. = 197.92 c. 



26.11c. 
" in work done 29.79 

" in radiation 4.50 

34.29 c. 

Error -^'^L"^^,^*^^ = 3.5 per cent. 
233.02 ^ 
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Heat found should have been 224.03 - 34.29 = 189.74 c. 

" per single stroke 233.02 k. 

Represents dry steam ^?tt^ = 0.356 k. 

654.42 

Heat per hour per total H. P 6.840 k. 

" •* " " ind. H. P 7.591k. 

" " " " net H. P 9.702k. 

The consumption per total H. P. of this last experiment, made with 
19 expansions on the Powell engine, is exactly between the two experi- 
ments E and C, made upon the Koechlin engine with expansions of 13 
and 28. These three consumptions are 6.731 k., 6.840 k., 6.878 k., differing 
among themselves 1.4 per cent. Upon different engines they prove, be- 
tween expansions of 13 and 28, how little the effect of expansion is upon 
the good work of steam. The very good vacuum of the Powell engine, 
0.102 k. (1.4 lbs.), gives it practically a marked superiority over the 
Koechlin engine, expanding 13 times, a circumstance remarkably excep- 
tional for a "Woolf " engine, which demands justification by more numerous 
experiments ; it loses only 9.9 per cent, in back pressure work, in the 
place of 15 per cent., and we shall not be astonished to find there is 

8.149 — 7.591 ^ ^ g ^^^ jj^ j^ i2k^ox, 

8.149 ^ 

We had wished to join in these results those that were obtained by M. 
H. Roland upon the same Powell engines, tried at Bolbec; but, as we 
shall see, their exactitude leaves much to be desired, and we only remark 
the excellent vacuum and the error committed, 9.9 per cent., which causes 
us to set aside the results.* 

The results of the experiments G, D, E, F, of the Malmerspach engine, 
built by Andru Koechlin, with that on the St. Remy engine, by 
Powell, prove to us the small influence of an expansion from 13 to 28 ; in 
those limits the total H. P. cost varies only 2 per cent, in one case from 
the other. This fact acquired, we shall seek to render an account of the 
following anomaly, which we have already noted, between cost per total 
H. P. of experiments B and C of the Malmerspach engine. With expan- 
sion 6 and 13 we found 7 per cent, difference, which should represent the 
economy of expansion 13 ; but we should be too high, for it does not 
agree with the figures of C, D, E and F, nor with the results of the 
Powell engine. This difference is more when compared with II., 267 H. 
P., of the Munster engine, expanding 7 times, which gives the least cost 
as 6.945 k. per total H. P., when the expansion 13 gives 6.878 k.— difference 
of 1 per cent. We shall see if analysis will show us the cause of this irre- 
gularity. 

ANALYSIS OF EXPEBIMENT III. 

Account of heat and cooling by condenser, per stroke: 

Weight of fluid in small cylinder 0.5776 k. 

" ** dry steam at cut-off 0.4553 k. 

*The oomputatioiu are not transoribed.— C. A. 8. 
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Weightof water at ont-off (21.17 per cent.) 0.1223 k. 

" " " entratned 0.0145 k. 

«' *« " condensed up to cut-off 0.1078 k. 

Heat given to iron 0.ia78 k. x 516.77 o. = 55.70 c. 

Weight of fluid in large cylinder 0.5830 k. 

dry steam at end of stroke 0.5399 k. 

*' water at end of stroke (7.39 per cent.) 0.0431 k. 

Internal heat at the end of admission, Uq —290.12 c. 

Internal heat at the end of stroke, U, 322.01 c. 

U, — Ui 31.89 c. 

Heat given by jacket 32.28 c. 

*' condensation in small cylinder 55.70 c. 

furnished during expansion 56.09 o. 

absorbed by total work of expansion 35.61 c. 

" radiated externally 7.00 c. 

42.61c. 

56.09 — 42.61 = 13.48 c. = Re, cooling by condenser being 3.5 per cent, 
of the heat brought to the engine. 

The final internal heat compared with the heat gained by the injection 
water furnishes a check on Re, 

Internal heat at end of stroke, Ui 322.01 c. 

Heat of back pressure work + 12.29 c. 

** remaining in cushion — 14.92 c. 

** •* after condensation — 12.(>5 c. 

306.73 c. 
" gained by injection water 322.80 c. 

Re 16.07 c. 

The other method gave Re = 13.48 c; the error is only 

16.07 — 13.48 i\ en ^«.« ^»»4- 

385.8:1 - ^-^^ P^' ''«°*- 

ANALTSIS OF EXFEBIIiENT II. 

Account of heat and cooling by the condenser: 

Weight of fluid in small cylinder 0.7697 k. 

*• •' dry steam at cut-off 0.6603 k. 

" •* water at cut-off (14.21 per cent.) 0.1094 k. 

" " " entrained 0.0238 k. 

•• " " condensed 0.0856 k. 

Heat given to iron up to cut-off 43.40 c. 
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Weight of flnid in large cylinder 0.7 

" " dry steam at end of stroke 0.7: 




(( 



•* water at end of stroke (5.39 per cent.) 0.041 

Internal heat at cut-oflf, Uo 415.& 

Internal heat at end of stroke, Uj 432.1 




Uo — U, — 16.5^ 

Heat furnished by jacket 36.( 

" " " condensation in small cylinder 43.^ 

" " during expansion 63.^ 

" absorbed by work of expansion 49.80 c. 

** external radiation 7. c. 

Re = 6.65 c; Re is a loss of ^'^ = 1.32 per cent, of total heat -^^et 

505.43 

stroke furnished engine. 

Check on Re: 

Internal heat at end of stroke, ZJ, 432.1 - 

Back pressure work + 14.5 

Heat remaining in cushion • — 15.1 

Heat remaining in fluid after condensation — 21. 4^^ 

410.1:? 
Heat gained by injection water 419.57 

Re 9.34^ 

The other method Re = 6.65; *'^*^_~^:?? = .55 per cent. 

uUu.4o 

ANAIiYSIS OF EXPEBIMENT I. 

Account of heat and cooling by condenser, Re\ 

Weight of fluid in small cylinder per stroke 0.9847 k. 

dry steam at cut-off .0.8254 k. 
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water at cut-off (16.17 per cent.) 0.1593 k. 

water entrained 0.0290 k. 



water condensed at cut-off 0.1303 k. 

Heat given to iron at cut-off 65.25 c. 

Weight of fluid in large cylinder 0.9691 k. 

** dry steam at end of stroke 0.9051 k. 

" water at end of stroke (6.6 per cent. ) 0.0640 k. 

Internal heat at cut-off, U^ 525.79 c. 

" end of stroke, U, 543.19 c. 

t\—U, 17.40 c. 
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Heat furnished by jacket 43.89 o. 

by iron small cylinder 65.25 c. 

daring expansion 91.74 c. 

Heat in total work done during expansion 62.85 c. 

Heat of external radiation 7.00 c. 

i2c = 21.89 c; per cent, of heat furnished, 3.38. 

Check on Re.: 

Internal heat at end of stroke, Ui 543.19 c. 

Back pressure work + 15.37 c. 

Heat remaining in cushion — 14.60 c. 

" " fluid after condensing 32.24 c. 

511.72 c. 
Heat gained by injection water 525.38 c. 



Re 13.(J6c. 

The other method gave 21.89: 

Error, ^^'^tZ'Ji'^' = 1-26 per cent. 
645.52 

HOBIZONAIi "WOOLF,** 130 H. P.; EXPANSION, 6. 

Account of heat and cooling by condenser Re: 

Weight of fluid per stroke in small cylinder 0.2500 k. 

dry steam at cut-oflf 0.2220 k. 

water at cut-oflf (11.2 per cent.) 0.0280 k. 

" water entrained 0.0079 k. 



water condensed at cut-oflf 0.0201 k. 

Heat given to iron at cut-oflf 10.30 c. 

Weight of fluid in large cylinder 0.2506 k. 

dry steam at end of stroke 0.2372 k. 

water at end of stroke (5.34 per cent.) 0.0134 k. 

Internal heat at cut-oflf, Uq 137.85 c. 

" end of stroke, U, 141.48 c. 

U^—Ui —3.63 c. 

Heat furnished by jacket 13.16 c. 

" iron above 10.80 c. 

** ** during expansion 19.83 c. 

Heat absorbed during expansion, total work 14.38 c. 

" external radiation 3.50 c. 

Re = 1.95 c; per cent. Re of total heat furnished, 1.19 c. 

Check on Re, : 

Internal heat at end of stroke 141 .48 c. 

Back pressure work +4.38 c. 



v^ 
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Heat retained in cashion — 7.43 c. 

" "in condenser — 6.19 c- 

132. i4 «• 
" gained by injection water 134.55 ^* 

Re 2.2t; ^• 

Error, ^'^^ ~ !'^^ = ^.1 percent. 
1()3.51 

HOBIZONTAL "WOOIiP," 181 H. P.; EXPANSION, 6. 

Account of lieat and cooling by condenser Rc\ 

Weight of fluid per stroke in small cylinder 0.3459 ff- 

dry steam per stroke at cut-oflf 0.3082 k^ 

water per stroke at cut-oflf (10.8 per cent.) 0.0377 Irf " 

water entrained 0.0134 IsiC =• 

JLC. 

= k. 

k. 

c. 
c. 
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** water condensed at cut-oflf 0.0243 

Heat given to iron 12.24 

Weight of fluid in laige cyUuder 0.3478 k 

dry steam at end of stroke 0.3324 k 

water at end of stroke (4.5 per cent.) .0.0154 k. 

Internal heat at end of admission, U^ 192.68 c, 

stroke, U, 198.80 c. 
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V^—U, —6.12 c. 

Heat furnished by jacket 13.54 c. 

" iron above 12.24 c. 



(( << 






during expansion 19.66 c. 

absorbed during expansion, total work 14.50 c. 

lost, external radiation 3.50 c. 

Re = 1.66 c; per cent, of heat furnished oilffk == ^•''^- 

Check on Re. : 

Internal heat at end of stroke, U^ 198.80 c. 

Back pressure work +5.10 c. 

Heat retained in cushion — 10.03 c. 

** " condenser — 7.81 c. 



186.0<) c. 
** gained by injection water 183.41 c. 



Re 2.65 c. 

The other method gave \A\i\ c. 

Error *^'^'*;^~ ^/'^ -= 0.45 per cent. 
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The error appears to be ?"^^---ii?? = 1.9. As the check on Re gives 

— 2.65, the injection has gained less heat than was rejected.] 

Experiment II. on the Monster engine and I. on the horizontal engine 
differ little as to proportions of final water and heat lost by the cooling 

due the condenser Re, We have stated the difference ^•^^^-~~-^-^*^ = 4.7 

7.290 

per cent, between the cost of a total H. P. It is due, part to the differ- 
ence between 6 and 7 expansions, but more to the strong compression in 
the vertical engine which partially annuls the effect of the clearance. 

The experiments, of which the analyses will follow, do not offer the 
precision of the two preceding series, of which the consumption checks 
within one per cent., nearly; also we will neglect the weight of fluid in the 
clearance when establishing the internal heats Z7, and U^ and the differ- 
ence CTq — Z7i. I did not proceed thus until I had rendered an account of 
the' error which is committed. 

With engine 267 H. P., U^— Uy = 16.58 c; when the clearance is taken 
into account, U^ — ITj = 19.80 c; when it is neglected, there is an error of 

^-^*^?,.Z^i~ - = 0-6 per cent. For the horizontal engine, U^ — U^ will be 
505.4o 

I 

3.44 in place of 3.63 c, an error of ^'^ J J: = 0.1 per cent. 

163.51 

Our second manner of procedure is thus justified above all In the 
practical experiments which check within 3 per cent, only, but we add 
again that this approximation is very satisfying and conducts us to some 
^ery remarkable results. [The error is always one way, and the compari- 
sons are very accurate] . 



MALHBBSPAOH ENGINE, EXPERIMENT A^201 H. P., EXPANSION, 6. 

Heat account and cooling by condenser Re: 

l¥eight of fluid in small cylinder 0.6135 k. 

*" dry steam at cutoff (K5350 k. 



(( 



•* ** water ** ** (12.8 per cent.) 0.0785 k. 

" " ** entrained 0.0312 k. 

" " " condensed at cut-off 0.0473 k. 

Heat given to iron 24.09 c. 

Weight of fluid in large cylinder o 6135 k. 

•* dry steam at end of stroke 0.5429 k. 

water ** " " (11.5 per cent.) 0.0706 k. 

Internal heat at end of admission, U^ 384. 8f) c. 

" " ** stroke, U^ 327.69 c. 

U.— U^ 7.17 c. 
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" during expansiou 

absorbed " " by total work 

lost b; eiternEil racLiatioii 



Rc = 



i.U 



., being , 



Check on Be- 

Internal heat at end of Btroke, U, 

Back presHure work, . . . 

HflBt retaloed uftor condensation 



t. of the heat furnished. 



Heat gained by injeotion water 
En... . ... 

B; tlie otber method. 




40a.l3 



= 0,7 per ceot. 



H. P. is also greater by 



ThiH engine differs from the liorizontHt n 
terminal water. 11.5 per cent, in place of 5.3 i 

(12— 7.2911 _ , , , 

The espansion <* and the aondltions of regnlation are the same, but* • 
we see that the Jackets are not working in the same manner as those ol the^^ 
horizontsl engine condensing 10 per cent, of the steam, while the second ^^ 
is only .j.l per cent.; there is then from this fact a loss which changes the ^ 
internal heat and increases the heat lost by the cooling due the eon- ' 
denser. 

Compared witli Experiment II., 367 H. P., Experiment B gives ns 4.i 
per cent. less condensation in the jackets and a leas cushion, which brings 
the Malmerspach engine '' .'," ■-■-'' = (!.l per oenl. worse than the 

Munster engine. All these cousiderationa should indicate where the 
r really is rather than to a large expansion commencing in the 
small cylinder, ^^^H 

UUiUERtJPAnn ENOINE^EXFERIMENT C, 215 H 

Account of heat etc., per stroke: 
Weight of fluid in small cylinder 
" " dry steam at ont-off 




entrained 

condensed at out-ofl.. 



— -* 


0.5842 k. 

0.4303 k. 
, , . 0J33ak. 
. . 0.0304 k. 


. 0.10U k. 
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Heat given to iron 51.30 c. 

Weight of fluid in large cylinder 0.5642 k. 

" " dry steam at end of stroke 0.4632 k. 

" " water " " (17.9 per cent.) 0.1010 k. 

Internal heat at end of admission, Uo 283.55 o. 

stroke, Ui 282.31 c. 



<t ^% a it <( 



Uo— Ui 1.24 c. 

Heat furnished by jackets 22.25 o. 

" " " iron 51.34 c. 

Total heat famished during expansion 47.83 c. 

Heat in total work done 38.79 c. 

** ** external radiation 4.60 c. 

Re = 32.44c, being = 8.3 percent, of the entire heat furnished. 

® 376.42 ^ 

The check on iSc is not as exact as before; but as we remember that in 

this experiment the error was 5 per cent., while in the others it was about 

2.5 per cent., this is not surprising. 

Internal heat at end of stroke, U^ 283.31 c. 

Back pressure work 8.48 c. 

Heat retained in condensed water — 13.09 c. 

277.70 c. 
" gained by injection water 295.39 c. 

Re 17.69 c. 

The other method gave 31.44; ?l:^^Illl:i^= 3.7 per cent, error. 

^ 376.42 

The other experiments were much closer. 

The cut-off in the small cylinder being much eai*lier, it is desirable 
to calculate the internal heat U^ at the end of the stroke in the small 
cylinder. 

Weight of fluid in small cylinder 0.5642 k. 

*• " dry steam at end of its stroke 0.4901 k. 

Internal heat, U^ 305.84 c. 

MAIiMEBSPAOH ENGINE— EXPERIMENT. D., 213 H. P.; EXPANSION, 13. 

Account of heat, etc., per stroke: 

Weight of fluid in small cylinder (K5753 k. 

*' ** dry steam at cut-off (K4328 k. 

" '* water " ** (24.7 per cent.) 0.1425 k. 

" '* entrained 0.0310 k. 

" " ** condensed at cut-off 0.1115 k. 

Heat given to iron 55.31 c. 
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Weight of fluid in large cylinder 0.575:^ k. 

" dry steam at end of stroke «.44>2:i k. 
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** water ** " ** (19.5 per cent ) 0.1121 k. 

Internal heat at cut-off, U^ 28<».44 c. 

" end of stroke, U^ 28:120 c. 



(( (( 



U^—U, 3.24 c. 

Heat furnished by jacket 22.89 c. 

" " iron 55.31c. 



" ** during expansion 81.44 c. 

" taken by total work of expansion 39.m c. 

** " ** external radiation 4.mi c. 

Re 37.8C) c. 

Per cent, of entire heat -?I^ = 9.9 per crnt. 

384.00 

The check on Re: 

Internal heat at end of stroke, U^ 283.20 c. 

Back pressure work 7.97 c. 

Heat retained after condensation 15.54 c. 



275.(>:i c. 

" gained by injection water 3«>7.38 c. 

Re 31.75 c. 

■ 

Error, ?I::^5!Izii!liI§== 1.6 per cent. 
384.03 

At the end of stroke in small cylinder, U,: 

Weight of fluid 0.5753 k. 

** dry steam 0.4928 k. 

" water (1 .43 per cent.) 0.0825 k. 

Internal heat at end of stroke in small cylinder 308.79 c. 

These two experiments with the same expansion, 13, are made, one 
on the right engine, the other on the left, and give results little different. 

ThecostpertotalH. P. of C. is only ^* * *^^^« ~ f -^^ = 1.5 per cent, 
better than D. 

The proportions of water for C and D respectively are at cut-off, 23.7 
and 24.7 per cent.; at the end of the stroke in small cylinder, 13.1 and 
14.3 per cent., and at the end of stroke in large cylinder, 17.9 and 17.5 per 
cent., following nearly the IJ per cent, difference. 

Re differs 8.3 and 9.9 per cent., only 1.0 per cent. 

Wo will take for comparison experiments B, expansion 0; G, expansion 
13, and £, expansion 28, all made on the left-hand engine. 

The last two experiments throw light upon a fact which should, above 
all, attract our attention. It is the great evaporation which takes place in 
the small cylinder during the first expansion. The introduction at full 
pressure has been carried to nearly half the stroke of the small cylinder, 
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without preventing the evaporation of 10 per cent, of the fluid originally 
condensed, and a rapid augmentation of the internal heat of steam, 22.29 c. 
for C, and 22.35 D. {U^—U{). We see also that during expansion in the 
large cylinder a portion of the vapor, existing at the end of the stroke, 
in the small cylinder, has been condensed about 5 percent., and the in- 
ternal heat of the steam {U^—U^) diminished 23.53 c. G, and 25.59 c. D. 

The number of calories returned by the internal heat during the stroke 
of the large piston is nearly the same as the work of expansion, 25 c. in 
the large cylinder; we could then conclude that the steam jacket has done 
nothing in this second expansion, in a word, does not perform its office. 

Arriving at this conclusion will be denying one of the elementary prin- 
ciples of physics, for we know that the greater the difference of tempera- 
tures the more energetic the transfers of heat. During the stroke of the 
large piston the temperature of the steam in the jackets is much higher 
than that of the steam in the cylinders, it is then during this period that the 
transfer of heat should be best made— that the jacket should furnish more; 
this is really what takes place. 

We will show later in treating of expansion how the passage of calo- 
ries is made, and what is their occupation; we shall see that this pheno- 
menon, which appears at first to be entirely abnormal, explains itself 
naturally; we shall see it become a very simple consequence of the princi- 
ple of the transmission of heat which it seems at first to contradict. 

We give then, to terminate the series of analyses, the two experiments 
£ and F, made with expansions 28 and 25. We regret that we cannot join 
thereto the analytical story of the engine at St. Bemy. Its consumption 
checks within 3 per cent, nearly, and it agrees closely with the Malmers- 
pach engine, but it lacks the exact elements necessary in the indicator 
diagrams. 

MAIiMEBSPACH ENGINE, EXPERISfENT E., 143 H. P.; EXPANSION, 28. 

Account of heat, etc., per stroke: 

Weight of fluid in small cylinder 0.3()79 k. 

" dry steam at cut-off 0.2214 k. 

" water " (40 per cent.) 0.1465 k. 

" " entrained 0.0200 k. 

** " condensed 0.1205 k. 

^eat given to iron 63.08 c. 

Weight of fluid in large cylinder (K3<;79 k. 

*• dry steam at end of stroke (K3()30 k. 

" water " ** (7.6 per cent.) 0.0()40 k. 

Xntemal heat at end of admission, ^7^ 157.44 c. 

" " " stroke, f7, 183.32 c. 

U^— Ui 25.88 c. 
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Heat lnmished by jacket 16.09 e- 

" " iron above 63.08 c^ 



Total heat fnniished during expansion 53.29 <^ 

Heat in total work " ** " 29.35o. 

" " external radiation 4.eOc. 

Re 19.34 c. 

19 34 

Belatively to entire lieat furnished ^^ „_ = 7.8 per cent. 

246.77 

Check on Re: 

Internal heat at end of stroke, Vi 183.32 c. 

Back pressure work 6.6:^ c. 

Heat retained in condensed steam 6.99 c. 



182.96 c. 



Heat gained by injection water : 198.21 c. 

Re : 15.25 c. 

Differing from the other ^^-^t^^^*^ = 1.6 per cent. 

U2 at end of stroke small cylinder: 

Weight of fluid 0.3679 k. 

" *' steam end of stroke 0.2976 k. 



"water " " (19.1 per cent.) 0.0702 k. 

Internal heat " " U^ 186.81c. 

MAIiMEBSPAGH ENQINB, EXPEBIMENT F., 149 H. P.; EXPANSION 25. 

Account of heat, etc., per stroke: 

Weight of fluid in small cylinder 0.:iH(i2 k. 

" dry steam at cut-off 0.2471 k. 

" water " " (36.1 per cent.) 0.1391 k. 

" *• entrained 0.0210 k. 

" " condensed 0.1181k. 

Heat given to iron 58.8:^ c. 

Weight of fluid in large cylinder 0.3W52 k. 

dry steam at end of stroke 0.3180 k. 



«• 



" water " '* (17.8 per cent.) 0.0682 k. 

Internal heat at cut-off, U^ 172.10 c. 

" " ** end of stroke, U, 192.45 c. 

U.—U^ —20.35 c. 

Heat furnished by jacket 17.38 c. 

•* " iron above 58.8:} c. 

Total heat furnished during expansion 55.86 c. 
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Heit fomished dnrlBg external radiation 4.60 o. 

" absorbed by total work 29.93 o. 

/fc 21.33 c. 

21 S3 

being —'—- = 8.2 per cent, of entire heat per stroke. 
259.53 

Check on Re: 

Internal beat at end of stroke, U^ 192.45 c. 

^ck pressnre work 346.43 o. 

Heat retained after condensation — 7.50 c. 

191.38 0. 
gained by injection water 210.33 c. 

^.. 18.95 c. 

Differing 'i^^-33— 18.95 _q ^ p^^. ^^^ 

^^toitof fluid in small cylinder 0.3862 k. 

dry steam at end of stroke 0.3147 k. 

* • water (18.6 per cent.) 0.0715 k. 

^^:rnal heat, U^ 197.46 c. 

"Xliese two experiments E and F, give results which accord perfectly 
^'^ expansions 28 and 25. We should also note in order the profound 
^^^^Iflcations to which the steam is submitted when the expansion is 
^'^^^ged from 13 to 28. The internal heat which in C diminishes 1.24 c. 
^^^^g the expansion, changes to an increase of 25.88 c. for E, while for D 



'^^^ F there is for one a diminution of 3.24 c, and for the other an acces- 
^^^"^^ of 20.35 c. between expansion 13 and 25. 

XUENGE OF VABIABLE EXPANSIONS UPON THE WOBKINO OF STEAM IN 
^OOLF" ENGINES— the IB UTILITY FBOM THE POINT OF VIEW OF CON- 
SUMPTION. 

The exposition of the very complex phenomena which absorb us, the 
^^'^dy of which should be made as clear and as easily grasped as possible 
^^^uces us to give in Table III., page 254, a summary of the principal 
*^Bult8 which form the basis of our discussion. 

The action of the iron upon the fluid which it incloses is so well estab- 
^8hed, and the result of Hirn's labors on heat engines is such that it 
Naturally follows that variable expansions modify the nature even of the 
>ork of steam. We introduce into the cylinders different weights of 
ateam, different quantities of heat, therefore it is not astonishing to see 
during expansion variations in the direction and amount of the changes 
of heat. But that which should be useful in practice is the experimental 
determination of these changes, followed by the results of their analysis, 
and their justification. We shall fall perchance on facts at first inadmis- 
sible like those we found for expansion 13, and find the natural explana- 
tion in the most profound study of the phenomenon, a purely physical 
study. 
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The paradoxical fact which we will recall is presented then in experi- 
ments C and D upon each of the Malmerspaoh engines working with 
expansion 13, and with full pressure more than one-half of the stroke in 
the small cylinder. During the expansion in the large cylinder a portion 
of the steam existing at the end of the stroke of the small piston is con- 
densed—Experiment C, 4.8 per cent.; Experiment D., 5.2 per cent. The 
internal heat has dimiulshed U^—U^=i + 23.53 c. aod 25.59. But the work 
of expansion in the large cylinder has demanded and absorbed 24.9 c. and 
25 c, that is to say, nearly the same amounts for this period of work. 
There was no heat furnished from outside; the jacket appears to have 
yielded nothing; was it not working during this period of expansion? 

This hypothesis is inadmissible, for we have seen that it contradicts a 
well-known principle, of physics relative to the transmission of heat; the 
exchange of heat across the sides of the cylinder should be more rapid 
with the greatest difference of temperature between the two surfaces., 
for one of them is in contact with the jacket steam at boiler pressure, 
and the other possesses the temperature of the cylinder steam at a much 
lower pressure. We would remark that the difference of temperature is 
not the only facjtor which can accelerate this transfer; the layer of water, 
which covers the internal surface has also its influence; it augments the 
rapidity with which heat is brought to the inner surface; it provokes a 
proportionally greater action in the jacket, as we will prove by the figures 
of Table III. 

How can it be, then, since the jacket is in the best possible condition 
to furnish heat, that it appears to be inactive? This apparent anomaly 
has a very simple cause — the action of the surfaces at the commencement 
of the stroke of the large piston. 

I established in my paper of 1878 that at the first tenth of the stroke 
of the large piston, a moment when the dry steam is nearly equally divided 
between the small and large cylinders, there is one- half at least of the 
fluid deposited as water upon the walls of the large cylinder; if we mark, 
then, that at the end of the first tenth of the stroke of the large piston the 
large cylinder contains more water than steam, that is, that the first part 
of this stroke the condensation has been very considerable, while the 
cooling due the condenser has been only 1.3 per cent. loss. 

The same fact is presented for experiments G and D in stronger pro- 
portions yet; since by the cooling due the condenser the heat taken from 
the iron during exhaust is 8.3 and 0.0. It is upon this water which covers 
the surface that the jacket acts, and since it cannot evaporate a sufficient 
qnnntity, the internal heat at the end of the stroke is less than at the end 
of the stroke of the small piston. Such is the particular circumstance 
which the five experiments made upon the coupled engines at Maimers- 
pach present to us; it is not the first time we have had occasion to remark 
it. 1 have already noted it in the experiments made on the Munster en- 
gines, 187(), working with little compression in the clearance spaces. 

Let us indicate the modifications which a variable expansion brings 
to the transformation of steam and to the action of the jacket. 
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e three experiments, B, C and E, tlie tirst the result of a. very Bliglit 
where the atcum has Imen admitted 
.panaian uf i'l; the Indicated H, P, only 
reaches 201. To do this feeble work the steam pressure had to be throt- 
tled, tor we have with thirteen expansions and full pressure, a work ol 21ii 
H. P., u greater load in apite of the less inlioduotion. 

In these conditions the weight ot stesjn condensed daring sdmissloii 
is small, 13.8 per cent., less the water carried, over 5 per cent. = 7.h per 
cent, deposited upon the surraee. The jacket yields proportionately letts 
heat, (or it only condeoBes 5 per cent. o( llie steam brought to the engine. 
We remark that in spite oF the condensatioD which took place at the first 
stroke ol the large piston, the proportlonsof water are wlthiu l.;i percent. 
the same at the beginning and end ol the expansion, and that the cooling 
dne the condenser is small enough, 2.1 percent, at the entire heat brought 
the engine. In spite ot these conditions, which appear advaatageons 
enough, tttu consumption per total E. P. la 7.-1114 k., while tlioae ot and 
E are fi,87B k., and ii,7:(l t., that is to say, by 7 and !t per cent. 

Is this the gala realized by the eipansion? This we shall see. 
Experiment C, with introduction of halt stroke in the small cylinder, 
presents a condensation ot 23.7 — u = 1U.7 per cent, during the admis- 
sion, but the proportion of water which is found is partly evaporated 
Passingto the residts of experiment E, expansion 2», this modillcation 
is much more marked. The proportion ot water at the end of an iutro- 
dnctiun ot J stroke of small cylinder Is 411 per cent., and 21 per cent, 
eraporates during the first expansion, and the internal heat increases 
29.37 o.; in short, we see that as the expansiou in the small cylinder is 
increased the transfers ot heat are increased. 

On the other hand, the action in the large cylinder follows another 
law. We have seen, that with nearly full stroke introduction in the small 
cylinder, experiment B, the internal heat remains nearly stationary. 
dimlDisiiing by only 7. 17 c.,betwe4>n the ends of the stroke olthe small and 
large pistons. The same fact is found In experiment E, 2h e.ipansions. 
Dut we have seen above that the intermediate eiperiuouts C and D show 
as a considerable fall ot Internal heal, a fall sufflcieut to furnish to the 
work ot expansion the number ot calories which It requires. Here there 
U, then, ae in the small cylinder, an increase in the transfers ot heat from 
experiments B to 0, but a decrease follows the minimum, which appears 
toward expansion 13, to which is due that the internal heat U, is increased 
relatively to the final internal heal U, ot the small cylinder. 

By considering only the phenomena of the total expansion from the 
moment that it commences in the small cylinder to the end of the stroke 
in the large cylinder, we see that the differences of internal heat are con- 
tinually reversed; this shows that the transfers ot heat are greater and 
greater as the expansion is increased. Thus tor experiment B the final 
internal heat O, is 7.17 c. less than f„ at the end ot admission; tor experi- 
ment this difference is only 1.24 c.; while tor experiment E the differ- 
ence is reversed, and the final internal heat is 25.tiX c, larger than at the 
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end o[ odmiBsioQ. Tlio qnalitica of heiit fiirnishecl by the Jaoket, the 
proportions of steam uandeased in the small cylinder dui-ing adniiaaion, 
which tranaforma the inner surface o( the cylinder into a reeervoir ot heat, 
and the internal heat, all these values are intimately connected together, 
BS we bave already said many times: they depend the one on the other; 
and are in some sort the vsrioiiH manifestation a of the same tbing. We 
also see them changing in kind the condengation in the jacket and swaU 
cylinder dnriiig admission; increase with expansion, turaisbing thus 
more heat iu proportion than is measured by the expaualon and consider- 
ably more. 

This law appears to be general in "Woolf" engines, not only with 
variable eipanslons, bat for tlied expansiona and Toriable powers obtained 
by throttling the steam. The experiments npon the "Unnater" engine 
show us thai with IHo B. P. the final internal heat 17, U 31.M'J o. more than 
the initial internal heat U„ at the end of the admisaioii, while this differ- 
euce is only 17.40 c. for tbe experiment with 3i7 H. P. Meoawbile exam- 
ining more closely tbe fignres of tbe two series ot experiments at 
Maimorspacb and Munster, we discover one point whlob merits being 
brought into light. Tbe differenoes C,— C, ere close together for experi- 
ments I. and II,,— 17.W c. and 1(1.58 c, more alike than B anii C, 7.17 c. and 
1.24 c, which dlfler much from E, 'iSM c. This leads ns to believe that 
in the limits of expansion and throttling ol experiments I., II., B, C, tbe 
diflerences ol internal heat remain nearly stationary; they only commence 
to increase rapidly when we go beyond 13 expansions and throttle below 
■2Ci7 H. P. ot experiment II, 

Finally we see for all the "Munster" eperiments ot IH77 the final 
internal heat U, is greater than the initial internal beat V,. If this tact fa 
the reverse of what was produced upon the same engine in i>fli\. it ig that 
at that time tbe engine was differently regulated, the compression in the 
clearance space being much le,ss. The increase of compression diminished 
greatly the lead influence of tbe clearance. This realized an economy 
and tbe result betrays Itself by an increase in tbe Qnsl internal beat. It ig 
not necessary to believe that tbis is always the characteristic sign of a 
lietler working of tbe engine. We have in eEFect experiments C and E, of 
which tbe consumptions vary only '2.1 per cent, when tbe differences of 
internal heat P,— (7, are 1,21c,, and — 'Hi.iHia. On the other hand, experi- 
ments I. and II. give U„— U,= — IT, 40 c. and 16.68 c and meanwhile the 
uonaumptions vary 2.4 per cent., the least being for experiment II. 
throttled to aB7 H. P. 

Summing tbe effects ot a greater total expansion, commencing in the 
small cylinder and placing parallel to them the effects of the same kind 
produced by throttling, rediicing the indicated work in the same propor- 
tion that the change of expansion did, the best experiments are C and E, 
expansions 13 and 2H, and experiments II- and III., with tbe some expan- 
sion 7. The indicated horse-powers are nearly in the same ratio. 



215^ 
143 



2«7_ 
1»5 



1.44 



When the eipaaaioii cbnoges trom 13 to 2S tbe coodeDSBtioii tn tlie 
Bmull cyliiider during admission increases from 23 to lu per cent.; tbe 
heat given to tbe iron is Increaiied. The jacket also gives u liltla more 
lieut, btit the greater port of tliie heat in restored in the Bmail eylinder 
itaeir. It forniBliea there more lieat thun is ueeded for the work ul iMpan- 
Hion, for tlie evaporatlou ot Id and '21 per cent, of the water deposited 
upon tbe surface. Tiiis is proved by the increase of Internal bout b? 23 
and 'ihi c. at the end ot tbe stroke of tbe small piston. In the aame cinnim- 
HlaQces. throttling witb nearly full admission in tbe small cylinder, 
eipei'imenta II. and III., the communication between cylinder and boiler 
is open aiao. The proportions ot steam eondenHcd only vary from 14 lo 
91 per cent., whicli show a very difTerent kind of working. The steam 
pasaes then to tbe large cylinder; it ia in this that tbe transfers of beitt 
are found wbicb did not take place in the small eytinder. The internal 
heat is increased during the eipansiou lH and 31 oalories; 9 and 14 per 
cent, of tbe water is evaporated. On the other hand, with i:j and 26 
expansions, commenced witbcut-oSs at one-half and one- fiftb in theentaJI 
cylinder, tbe reverse action took place. Tlie energetic changes are less 
in the large cylinder tban in the small cylinder. Tbia is a fact wbicb will 
serve us later in comparing single and double cylinder engines. 

Esperiment B seems to contradict tbia law, for the internal heat 
dimiuiebes 7 caloriea from the beginning to tbe end of the expansion, and 
the proportions of water are nearly the same, 12 and 11 per cent. This is 
dne to two causes, the Influence of a distribntion witb very little com- 
pression, and tbe less effect of the Jacket, where there is only 5 per cent. 
of tbe weight of the steam condensed; but it ia none tbe less trae, that tbe 
heat furnished by the jacket has been during the ezpaaaion in the large 
cylinder. Before attacking the question from the practical industrial side 
let us seek to render an account of the advantages of eipanaion, consid- 
ering only the work of the steam; that is to say, nbstrao ting imperfections 
of vacuum and friction B of the engine. 

Ill principle, theory bas conducted M. U. Zeuner to recommend very 
prolonged ejpansiona; M. O. A. Hirn, on the contrary, considering tbe 
practical conditions imposed on Ibo engine, adopts moderate ezpansiona. 
We shall see that these tnro opinions which appear contradictory aro both 
sanctioned by our experimental researalies when properly analysed. The 
work of M. Zeuner supposed that the cylinder was non-oondnctlng, and 
the closed cycle perfect, but it ia clear that the cycle is interrupted by th« 
conditions In which we place our "Woolt" engines. We sboold naturally 
expect to see tbe benefits of expansion considerably diminisbed by tbe 
transfers of heat to tbe internal surfaces; but tbe difference la great enough 
to allow us to affirm the law. 

Commencing by comparing tbe cost per total H. P. of experiments I., 
II., III.. C and E, experiment 1., 34T U. P., expansion T, has been made 
with an initial pressure near tbut of C ond E, but it is experiment II., 
made with a lower pressure, wbicb presents the minimum eost, ti.'Mi k. 
This Is due to some particular circumatance which we bave not been able 
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to bring out, and which causes the cooling due the condenser to be least 
for experiment I., while to compensate tUis action we take for the con- 
snmption tor 7 expansions the mean of I, HJidII.,7.(i2S k. The cnt-offs for 
eipansiouB 7, 13 and 28 are in the ratio ot 1. J and i\ the costa are 7,II2H k., 
c.sTMk.; and 7.731 k., a decrease of 3.i! per cent.: or an espansion four 
times OS great ptoonrea 4. 4 per cent. gain. The law of M. Zeunei is then 
found verified experimentally in "Woolf engines. It is to be noted that 
the disturbing effect ot the snrfacea does not reverse this law, lor in the 
method uaed to determine the cost this influence is fully accounted for 
The cost for experiment III., IH.'i H. P.. 7 expanBions, is 5 per cent, interior 
to that of I., II. Whence we conclude that it should have a marked ad van- 
vantage of about 10 per eent. in replacing by more expansion a ton great 
lowering of initial pressure. 

We have left to one side experiment B, made with the some engine as 
r and E. tor two motives, which appeared to us ought to exclude it; in the 
Srst place the jacket did not yield enough heat. And then the valves are 
set with u compression not sufficient to help the clearance. But every- 
body knows that one of the etteots of a prolonged expansion ia to exten- 
nate in part the pernicious effeft of the considerable waste spaces ot the 
"Woolt" engine. 

The cost ot a net H. P. brings as the modiflcationa of the more or loss 
perfect vacuum which falsifles the preceding law; thus experiments I. and 
II. dlDer in reverse order 1.4 per cent., and C and E. which vary 1.5 per 

Finally the cost of a net H. P., npon which the combined eSeots of 
poor VBOuam and friction give the following results: Experiment I., 9.8<U 
k.; II..10.:i57k.; III..12.4]! k.; C, l».465k.; E. lO.dlH k. The least is exper. 
Iment C, expansion 13; it only rarieti 5^ per cent, from E, expansion 28, 
Mod 4 per cent, from I, expansion 7, full pressure. This justifies the prop- 
osition of M. Hirn. There remains to calculate the dimensions to be given 
to engines and the frictions which result, the foreknowledge ot the inter- 
rnpted cycle and the moderate expansion. In a word he says: "For 
reasons of practical fact the steam engine with broken cycle and 
moderate expansion works better, notieitkatantUng its faulle, than the en- 
gine working with the perfect cycle," without regard to first cost. 

(Experiment III., 185 H. P., expansion 7, pressure much reduced, differs 
per cent, from the corresponding experiment, E. expansion 28, full 
iBsore. This difference is due to the vacuum and friction. If the hori- 
ital engine occupies the last rank, it owes it to the small compression, 
vaouam and frictions. Its inferiority is only 2 per cent, relatively to 
I corresponding experiment II. and B, and 6 per cent, referred to the 
leriment with greatest power, I., 1)47 H. P. 
The practical consequences ol thesL' collected researches upon the 
"Wool!" engine may be stated thus: 

1. From the total point of view, considering only the best utilization 
ot the heat brought to the engine, we can reduce the maximum work with 
. pressure. For example (70 pounds), expansion 7 to |, by 
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dlmini»<liiDg the initial pressure, ttnil there reaalts a low of S per cent ol 
the cost ot a totul H. P. ; while bj reducing the introduction in the mwU 
cjliuder. we can gain 4} per cent, of the same cost. 

2. When one is obliged to reduce the work one-half, ^rhether becaiue 
of a change of load or because used with water power, we con moke h 
practical gain of 10 per cent, at least by replacing the throttle by a varia- 
ble cut-off in the nniuU cylinder. We suppose it well nnderstood that tbf 
back presHure work remains the same in the two cases. The friction is 
nuturallf the same, since the work Is the eaiue. 

'i. The engine working near its full load, it is possible to vary the 
work 10 per cent, more or less, without an; notable change Id the eco- 
nomic rdgime due to expansion or change of pressure. There followa the 
disposition we have already remai'ked; aneipansionTariablebyhandBad^^ 
goTernor throttle valve, which will answer nil requirements, and Ii 
most simple and durable. 

We proceed with this study as we did with the 'Wool!" engines, 
clieoklug flrst the consumption of the different experiments of which we 
make use. These experiments are upon tour valve engines with and with- 
out jackets. Thoy ooDsist hist of experimenta mode upon a horizontkl 
"Corliss" b.v the Mechanical Committee of the Industrial Society in April 
and May, lt<TK. 

The experimental process is that ot M. Hirn often described in oui 
B^Ulvliim, and the direct results of observations ore given in that for Dec., 
18TH. I have checked and antdyzed them, and added the experiments 
made in l8T:t and ISTu, upon the vertical engine with tour valves of U. 
Hirn, without a jacket, and with and without superheating; it was also 
tried with a brake in ISH5 by the Mechanical Committee. We will com- 
mence with the results of the "Corliss:" 

Corliae Engine by Berger, Andre it Co. 

Tried with brake by the Mechanioal Committee; check on direot oon- 
Bumption. 

I.— Indicated on piston 105 H. P. 

Eevolutions per minute , , . . . 5(1.41. 

Netou broke 93 H.P- 

Mechanical efflciency, per cent 88 

Bock pressure work In per cent, tolal work II 

(2.1 tbB.) ■ 

Expansion U i 

iBoiler pressure SB lbs. above atmosphere.) 
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Per single stroke: 

Heat brought by dry steam 0.1306 k. x 654.24 e. = 85.44 c. 

" " water entrained 0.0043 k. x 158.18 c. = 0.68 c. 

** " steam to jacket. . ... .0.0094 k. x 496.06 c. = 4.66 c. 

** toengine 90.78 c. 

kept to condenser 0.1349 k. x 23.5 c. = 3.17 c. 

expended, Q^ 87.61 c. 

gained by injection water, ft 5.4304 k. x 13.3 c. = 72.22 c. 

15.39 c. 

in work done 11.03 c. 

radiated 1.50 c. 

12.53 c. 

Error, 15^.^iM? = 3.1 per cent. 
' 90.78 ^ 

Total heat is 90.78 c, it represents: 

Dry steam per stroke ^'^^ =0.1387 k. 

654.24 

" " honr per total H. P 7.188 k. 

ind. H. P 7.983 k. 

** " " net H. P 9.071k. 

II. — Indicated on pistons 137 H.P. 

Bevolntions per minute 51.12 

Net H. P 135 

Mechanical efficiency, per cent 91 

Back pressure work in per cent, total work 8.8 

(2x*o lbs.) —0.169 k. 

Expansion 8 

(Boiler pressure 66 tbs. above atmosphere). 

Heat brought by dry steam 0.1678 k. x 653.82 c. = 109.71 c. 

" ** " entrained water 0.0075 k. x 156.74 c. = 1.16 c. 

** jacket 0.0112 k. X 497.08 c. = 5.57 c. 

Total 116.44 c. 

Heat retained to condenser 0.1752 k. x 27.65 c. = 4.84 c. 



Co 111.60 c. 

Heat gained by injection water 9.534 k. x 17.45 c. = 93.18 c. 

C— Ci 18.42 c. 

Heat in work done 14.25 c. 

" " external radiation 1.50 c. 

15.75 c. 

Error, 18.42 — 15.75 _ .^3 ^^^ 

116.44 *^ 
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Heat per stroke, 116.44 represents: 

Dry steam per stroke ^^^-1^= 0.1781k. 

653.82 



a 



.( 



a 



ii 



<( 



»< 



{( 



t< 



it 



a 



n 



i< 



hour per total H. P 7.236 k. 

Ind. H.P 7.939 k. 

net H.P 8.72415.. 

III.— Indicated on piston 158 H. ^ 

Kevolntions per minute 49.54 

Net on brake 142 

Mechanical efficiency, per cent 92 

Back pressure work in per cent, of total work 8.1 

(2.6 lbs.) 0.184 

Expansion 6 

(Boiler pressure 68 lbs. above atmosphere.) 

Heat brought by dry steam 0.2015 k. x 654.24 c. = 131.83 

" entrained water 0.0112 k. x 158.18 c. = 1.77 

** to jacket 0.0114 k. x 0.0114 o. = 5.65 - 

Total 139.25«^ 

Heat retained by condenser 0.2127 k. x 29.57 c. = 6.29 m 

Qo IMMm 

Heat gained by injection water Q^ 5.7334 k. x 19.47 c. = 111.63 •► 



• ( 



«.-«. 21.33 

Heat in work done 16.99 c. 

" external radiation 1.50 c. 

18.49 

21.33 
13i 



Error, '^^'^^ ~" l^*^^ = 2.4 per cent. 
* 13i).25 ^ 



Heat per single stroke = 139.25 represents 
Dry steam per stroke ~ i '^^ = 0.2128 



(( 
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k. 
k. 
k. 



hour per total H.P 7.30< 

** '' ind. H. P 7.955 

'* " net H.P 8.64(i 

These three experiments check within 3 per cent., a very satisfact^^^'^ 
result but, let us add, one difficult enough to obtain. 

It is essential, as we have seen from a long practical experience ^^ 
these researches, to attend to the most minute precautions to attain rest* 1 ^ 
which check to about 1 per cent., and we consider as purely accidea^^*^ 
circumstances which give closer figures, and believe the attempt to 
them an illusion. 

The consumptions of the "Corliss" engine with expansion of 6, 8, 
11, show us the limited influence of expansion upon the cost. I b^^ 
already had occasion to note this fact when the "Woolf " engines vrere 
question. There results from this that within the wide limits where 



t 



d 

e 
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have operated, and for jacketed engines, the intrinsic work of the steam is 
scarcely inflaenced by a more or less prolonged expansion, this being 
defined by the cost of a total H. P. 

The "Woolf " engines gained 4.5 per cent, by change from 7 to 28 ex- 
pansions. The ''Corliss" gains 1.6 per cent, by change from 6 to 11. 

On the other hand, for the "Corliss" as well as the "Woolf,** the differ- 
ences which exist in cost change sign when we pass from the total work to 
the indicated work in which the back pressure makes itself felt; these 
differences are still more increased when we take the cost of a net horse- 
power, that is to say, the industrial consumption, which shows us that 
expansion 6 is 4.5 per cent, better than 11 for the "Corliss** engines, and 
ior "Woolf** engines expansion 13 is 5.5 per cent, better than 28. 

That which we have noted concerns only jacketed engines. Does ex- 
pansion act differently without this adjunct? 

The experiments made upon the vertical engine of M. Him will 
show us. 

Htm Engine, 

Saturated steam, variable expansions. Check on consumption. 

I. Indicated on pistons 107 H. P. 

Revolutions per minute 30.41 

Net on brake 95 H. P. 

Mechanical efficiency, per cent 89 

Back pressure work in per cent, total work 11.8 

(3tb8.) 0.213 k. 

Expansion 7 

(Boiler pressure, 56 lbs. above atmosphere.) 

Heat brought by dry steam 0.2604 k. x 652.48 c. = 169.90 c. 

" " " entrained water 0.0030 k. x 152.25 c. - 0.46 c. 

Total 170.36 c. 

" retained to condenser 0.2634 k. x 32.25 c. = 8.49 c, 

Co 161.87 c. 

Heat gained by injection water Q^ 8.8131 k. x 15.72 c. = 140.38 c. 

Co-Ci 21.49 c. 

Heat in work done 18.77 c. 

'* " external radiation 2.50 c. 

21.27 c. 

Error, ^^'^1^3'^^ = ^^-1 P®^ ^^nt. 
Heat per stroke, 170.36 represents 
Dry steam per stroke ]^^!^f^ = 0.2611 k. 

d5^.4o 

" " " hour per total H. P 7.822 k. 

" " " *» " ind. H. P 8.837 k. 

*« ♦* *» " ** net H. P 9.929 k. 
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II.— Indicated on piston 146 H. P. 

Revolntions per minute 30.65 

Net on brake 134 H. P. 

Mechanical efficiency, per cent 92 

Back pressure work in per cent, total work 9.2 

" " (3.1 lbs.) 0.225 k. 

Expansion 4 

(Boiler pressure 52 lbs. above atmosphere.) 
Heat brought by steam 0.3695 k. x 651.70 o. = 248.80 c. 

«* " " entrained 0.0037 k. x 149.61 c. = 0.65 c. 



Total , 241.36 c. 

Heat retained to condenser 0.3732 k. x 33.65 c. = 12.56 c. 



Q^ 228.79 c. 

Heat gained by injection water, Q^ 92917 k x 21.82 c. = 202.75 c. 

Qo — Qx 26.04 c. 

" in work done 25.27 c. 

** in external radiation 2.50 c. 

27.77 c. 

Error "^^'^-^-fjT^ = 0.7 per cent. 
241.35 

Heat per stroke, 241.35 c. represents 
Dry steam per stroke, ^T^ = 0.3703 k. 

" ** ** hour per total H. P 8.449 k. 

" ** " " ind. H. P 9.307 k. 

* " ** " net H. P 10.341k. 

These figures seem to prove that expansion has much greater effect 
when there is no jacket. Expansion 7 is 7.4 per cent, better than 4 for the 
total and 4 per cent, better for the net H. P. Is this kept up with super- 
heated steam? 

Superheated Steam — Him Engine, 

I.— Indicated on piston 113 H. P. 

Eevolutions per minute 29.98 

Net on brake 102 H. P. 

Mechanical efficiency, per cent 90 

Back pressure work in per cent, of total work 9.7 

(2.6 lbs.) 0.188k. 

Expansion 7 

(Boiler pressure 56 lbs. above atmosphere.) 
Temperature of steam 196° c. (superheated 44.73° c.) 

Heat brought by dry steam 0.2240 k.x(j52.48 c.= 146.15 c. 

" superheating 0.2240 k.x 0.5X44.73 c.= 5.01 c. 



»< it 



Total 151.16 c. 
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Heat retained to condenser 0.2240 k.x30.42 o.= 6.81 c. 

ft 144.35 c. 

Heat gained by injection water, ft 8.7384 k.x 14.05 c. = 122.77 c. 

ft— ft 21.58 c. 

Heat in work done 19.97 c. 

" " external radiation 2.50 c. 

22. 7 c. 

Error ^^ '''? ~,!^-^^ =0.6 per cent. 
151.16 

Heat total per stroke, 151.16 c. represents 
Dry steam per stroke ^^ils = ^'^^^"^ ^• 

Dry steam per hour per total H. P 6.655 k. 

"ind. H.P 7.370k. 

" net H. P 8.188 k. 

II.— Indicated on piston 154 H. P. 

Bevolntions per minute 30.174 

Net on brake 143 H. P. 

Mechanical efficiency, per cent 93 

Back pressure work in per cent, of total work 8.3 

Back pressure (3 lbs.) 0.215 k. 

Expansion 4 

Temperature of steam 231°c. (superheated 80.85^c.) 

(Boiler pressure 55 lbs. above atmosphere.) 

Heat brought by dry steam 0.3065 k. x 652.79 c. = 199.92 c. 

superheating 0.3065 k. x 0.5 x 80.85 c. = 12.39 c. 



(< (< it 



Total 212.31c. 

Heat retained to condenser 0.3065 k. x 31.3 c. = 9.52 c. 

ft 202.72 c. 

Heat gained by injection water, ft 9.350 k. x 18.7 c. = 174.84 c. 

ft— ft 27.88 c. 

Heat in work done 27.08 c. 

" in external radiation 2.50 c. 

29.58 c. 

Error '^"^'^^ 7 '^^^'^^ = 0.8 per cent. 
212.31 ^ 

Heat per stroke, 212.31 c, represents 
Dry steam per stroke ^J[^?^ = 0.3254 k. 

Dry steam per hour per total H. P 7.000 k. 

" net H. P 8.207 k. 

III.— Indicated on piston 125 H. P. 

Revolutions per minute 30.306 

Net on brake 114 H, P, 



Mechanical efflclenoy, per cent . 

Back pressure work in per cent, total work. 6.6 

" - . {a.TibB.)n.i9nk. 

Expansion. .... 3 

Temperature of the steam 223° c.(snperheated Tli" o.) 

(Boiler pressure, -55 Ilia, above atmosplierel. 

Heat brought by dry ateam 0.3822 k, x 55a.a5 c. = 184.iHi c. 

" •■ anperheating 0.2S22 k. x 0.5 x 73.0(1 c, = 10.30 c. 
IM-aso. 



Total 

Heat retained to condenser. . 



M.-lSaS k. X 34.26 o. = 9.95 c. 



Heat gained by injection water. <^, 

Heat in work done 

" in external radiation 



. .8.59S3k. X lli.7tio. : 



Error ^■"".^*' 
+ iM.3(l 

Heat total per stroke lUj.Sli c, re 

Dry steam per stroke . 

Dry atoam per hour per total H. P. . 



Ind. 



H. P 



--7.874 k. 
.8.655 k. 
3.511k. 



The experiments with snpeTheatiiig. expansion, 1 and 7, differ i.U per 
□ent., without superheating T per cent, ot tbecoatot atotatB. P. Hold- 
ing ucuDiint of the auperbeatlug temperature IW c. in the first case, we 
can say that between 4 and 7 expansions there is 7 per cent, difference 
with cammoQ and suporbeated steam. Introduction of ) probably pa«uie8 
below the limit above which the cost is nearly conetaut. 

The superheater arranged to work with the normal conditiooa, retnrus 
leas when the consumption is reduced, aa is the cose when eitpanding 7 
times. It can produce a temperature of about •2M'' c. when the drangbt 
is nut Influenced by atmospheric conditions. We hod a difference of 4 
calories, and without, we should have had a gain ot 3 per cent. more. 

The e.\perlmeDt which best proves the influence of expansion when it 
passes certain limits is III., cut-off i, with superheating to 333', giving 125 
H. P. The cost of a total H. P. ia 1S.'2 per cent, more than I., and this dif- 
ereuce would have been greater if T. had the same temperature ot 8ni)er- 
heatingasIII., 233'^, instead of IDli^. 

But we say this experiment III. wats made with a throttling ot 1 atmoa- 
phere between Iwglnniug and end of admission, 

We have seen that throttling la far from producing the effects and hav- 
ing the influence generally attributed to it. It only brought the "Woolf" 
engines, when tlie normal load was diminished one-half, un increaM of i 
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per cent, in the cost of a total H. P. Finally, an experiment of Him's, 
verified, gave, "with the same introduction, one-half, and a load reduced 
to 100 H. P. gave the same cost as with 125, that is, with 20 per cent, less 
power. 

Stating, then, a loss by throttle of only 5 per cent., there remains the 
fact that, with two expansions, there is an increase of 10 per cent, on the 
cost of a total H. P. 

We have rapidly examined the principal facts which stund in relief on 
a first approach to the figures of consumption. A deeper study of the 
phenomena demands a verified analysis, which we will give. 

GOBLISS ENGINE— EXPERIMENT I., 105 H. P.; EXPANSION 11. 

Account of heat, etc., per single stroke: 

Weight of fiuid at cutoff 0.1370 k. 

dry steam at cut-off 0.0848 k. 



<( (( 



" ** water " " 38.3 per cent 0.0522 k. 

" " " entrained 0.0043 k. 



<( tt ti 



condensing admission 0.0479 k. 

Heat given to iron 0.0479 k. + 499.77 c. = 23.93 c. 

Weight dry steam at end of stroke 0. 1072 k. 

" water " " 21.7 per cent 0.0298 k. 

Internal heat at cut-off, U^ 59.55 c. 

'* •* " end of stroke, Ui 65.87 c. 

C7o — r/, 6.32 c. 

Heat furnished by jacket 22.28 c. 

** " " iron above 23.93 c. 

Heat furnished during expansion 4.66 c. 

" absorbed by total work of expansion 9.57 c. 

** lost by external radiation 1.5 c. 

Re 22.28 — 11.07 = 11.21 c. 

Re, per cent, of total heat tj'^t. = 12.03 c. 

Check on Re. 

Internal heat at end of stroke 65.87 o. 

Back pressure work 1.21 c. 

Heat retained in condenser 3.17 c. 

" '* *' cushion 1.12 c. 



62.79 c. 
Heat gained by injection water 72.22 c. 



Re 9.43 c. 

Error.-ll:^ T- ^jii? = 1.9 per cent, 
yu.io 
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CORLISS BNOINE— BXPEBOCBNT II., 137 H. P.; BXPAHSION, 8. 

Heat account, etc., per single stroke: 

Weight of fluid present 0.1775 k. 

" ** dry Steam at cut-off , 0.1211 k. 



** " water at cut-off (31.7 percent.) O.OSei k. 

•* " entrained 0.<Ki74 k. 



t< it ti 



condensed during admission 0.0490 k. 

Heat given to iron 0.0490 k. x 499.93 c. =24.49 c. 

Weight of dry steam at end of stroke 0.1434 k. 

" ** water at end of stroke (19.2 per cent.) 0.0341 k. 

Internal heat at cut-off Uq 62.25 c. 

" " " end of stroke Z7i 88.17 c. 

Z7o— U, —5.92c. 

Heat furnished by jacket 5.57 c. 

" " " iron (above) • 24.49 c. 

** ** " during expansion 24.14 c. 

** absorbed by total work during expansion 11.50 c. 

** lost by external radiation 1.50 c. 

Re 24.14 — 13.00 = 11.14 c. 

Re in per cent, of total heat furnished ■ , ' ^ . = 9.8. 

116.44 

Check on Re: 

Internal heat at end of stroke 88.17 c. 

Back pressure work 1 .38 c. 

Heat retained in condenser — 4.84 c. 

** " ** cushion —1.23 c. 

-X. 

83.48 c. 
** gained by injection water 93.18 c. 

Re 9.70c. 

Error, lli^ljzlli^^ = 1.2 per cent. 
116.44 

COBLIBK BNQINE — EXPERIMENT III, 158 H. P.; EXPANSION 6. 

Account of heat, etc., per single stroke: 

Weight of fluid 0.2151 k. 

** dry steam at cut-off 0.1608 k. 



<< 



** water ** " (25.3 per cent.) 0.0543 k. 

" " entrained 0.0112 k. 



k( 



" '* condensed at cut-off 0.0431k. 



THE AL8A TIAN EXPERIMENTS, ETC. 267 

Heat given to iron 0.0431 x 498.64 = 21.49 c. 

Weight of dry steam at end of stroke 0.1753 k. 

"water " " (18.5 per cent.) 0.0398 k. 

Internal heat at cut-off U^ 106.30 o. 

end of stroke U^ 108.13 o. 

U^— U^ —1.83 c. 

Heat furnished by jacket 5.65 c. 

" iron (above) 21.49 c. 

during expansion 25.31 c, 

" absorbed by total work of expansion 12.66 o. 

" lost by external radiation 1.50 c. 

Re 25.31 —14.16 = 11.15 c. 

11 1*5 

Rc. in per cent, of total heat furnished ±iLtz=8. 

139.25 

Check on Rc. 

Internal heat at end of stroke U^ 108.13 c. 

Back pressure work 1.51 c. 

Heat retained in condenser — 6.29 c. 

" " *• cushion —1.21 c. 



102.07 c. 

** gained by injection water 111.63 c. 

Rc 9.56 c. 

Error, --Jg^J'^*^ = 11 per cent. 

The results of the analysis of these three experiments upon the ' 'Cor- 
liss" engine at different loads follow in order as remarkable as regular. 
The increase of final internal heat Uiy compared with initial internal heat 
CTq varies with the water present at cut-off and with the expansion. 

There is an important circumstance which we shall utilize later in 
comparing single and double cylinder engines. In spite of the radical 
difference in the principles of construction of the ''Corliss" and "Woolf" 
engines, we see that with 13 expansions for the "Woolf" and 6 for the 
"Corliss" the weight of water at the beginning and end of the expansion 
and the cooling due to the condenser are very close. 

"Woolf engine, initial water, 23.7 per cent.; final 17.9 per cent.; Uc.8.13 
per cent. Expansion 13. 

"Corliss" engine, initial water, 25.3 per cent.; final 18.5 per cent., Rc. 8 per 
cent. Expansion 6. 

With expansions 28 and 11 there are greater differences. 

"Woolf" engine, initial water, 40 per cent.; final 17.6 per cent., Rc. 7.8 per 
cent. Expansion 28. 

"Corliss" engine, initial water, 38.3 per cent.; final 21.7 per cent., Rc. 1.23 
percent. Expansion 11. 
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HIRN ENGINE— EXPEBIMBNT I., 107 H. P.; EXPANSION 7. 

Account of heat, etc., per single stroke: 

Weight of fluid 0.2634 K- 

" dry steam at cut-off 0.1656 k^ 



n 



** water ** " " 37 per cent 0.0978 k 

" entrained 0.0030 k- 



'* ** ** condensed at cut-off 0.0948 k. 

Heat given to iron 0.0948 k. x 507.35 c. = 48.10 c. 

Weight of dry steam at end of stroke 0.1707 k. 

" " water ** " 35.2 per cent 0.0927 k. 

Internal heat at cut-off U^ 114.19 c. 

** end of stroke Uy 109.07 c. 



ti (< 



V^— Uy 5.12 c. 

Heat furbished from iron (above) 48.10 c. 

** " during expansion 53.22 c. 

*' absorbed by total work 13.70 c. 

** lost by external radiation 2.50 c. 

Re 53.22 — 16.20 = 37.02 c. 

37 02 
Rc in per cent, of heat furnished — — 21.6 c. 

170.36 

Check on Rc. 

Internal heat at end of stroke Z7j 109.07 c. 

Back pressure work 2.43 c. 

Heat retained in condenser — 8.49 c. 



Rc 37.37 c. 

Error 37.02 -37.37_ ^ o 
^^^^"^^ 170.36 "^•^• 

HIBN ENGINE—SATURATED STEAM, 146 H. P., EXPANSION 4. 

Account of heat, etc., per single stroke; 

Weight of fluid 0.3722 k. 

** dry steam at cut-off 0.2571 k. 

** water (31 per cent.) 0.1161 k. 

" entrained 0.0037 k. 



* " condensed at cut-off 0.1124 k. 

Heat given to iron 0.1124 x 513.76 c. = 57.73 k. 

Weight of dry steam at end of stroke 0.2792 k. 

" water (25.2 per cent) 0.0940 k. 

Internal heat at cut-off, U^ 173.92 c. 

end of stroke, U^ 175.79 c. 

U„— Ur — 1.87 c. 



M 
M 
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Heat furnished from iron (above) 57.73 o. 

" during expansion 55.86 o. 

absorbed by total work of expansion 15.83 c. 

" lost by external radiation 2.50 c. 

Re 55.86 — 18.33 = 37.53 c. 

37 53 
Rc in per cent, of heat furnished, !; V"^^ = 15.4 

241.35 

Check on Rc: 

Internal heat at end of stroke, t7, 175.79 c. 

Back pressure work 2.58 c. 

Heat retained after condensing —12.56 c. 

165.80 c. 

gained by injection water 202.75 c. 

Rc 36.95 c. 



(t 



Error, '!L53--305 _ ^^ ^^^^ 
241.35 ^ 



241.35 

These two experiments offer a peculiarity which is worthy of atten- 
tion; we find equal weights of water at the end of the stroke 0.0927 k. and 
0.0940 k. and the values of RCj 37.02 c. and 37.53 c. The cooling due the 
condenser is, we know, the heat carried by the water on the surface which 
it covers, re- evaporating and going to the condenser; the agreement with 
the weight is remarkable. 

This fact is not found with the "Corliss" engine, for Rc is the same, 
11.21 c. and 11.15 c, while the weights are 0.0298 and 0.0398 k. for -expan- 
sion 11 and 6. We believe then this is due to the jacket, for the same 
phenomenon reversed is met in the "Woolf* engine; the weight of water 
present at the end of the stroke of the large piston is 0.0413 k. and 0.0431 
k. nearly the same for experiments 267 and 185 H. P., while Rc is 6.65 c. 
and 13.48 c. respectively. 

HIBN ENGINE — STEAM SUPERHEATED TO 196° C; EXPERIMENT I. 113 H. P.; 

EXPANSION 7. 

Account of heat, etc., per single stroke. 

Weight of fluid 0.2240 k. 

" " dryflteam at cut-off 0.1688 k. 

** " water " " (24.6 per cent.) 0.0552 k. 

Heat given to iron 0.0552 x 506.5 = 27.96 c. 

Weight of dry steam at end of stroke 0.1761 k. 

" " water " " (21.38 per cent) 0.0479 k. 

Internal heat at end of cut-off, Uq 110.22 c. 

end of stroke, U^ 108.56 c. 



(C (i 



U^—U, 1.66 c. 
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Heat furnished by saperheating 5.99 o. 

" iron(above) 27.96c. 

" ** during expansion 35.61 c. 

" absorbed by total work of expansion 14.31 c. 

" lost by external radiation 2.50 c 

Re 35.61 — 16.81 = 18.80 <?- 

18 80 
Be in per cent, of total beat furnished i=~^^- = 12.5 o. 

151.16 

Check on Re: 

Internal heat at end of stroke, Ux 108.56 e. 

Back pressure work 2.14 c. 

Heat retained after condensation — 6.81 c. 

103.89 c. 
Heat gained by injection water 122.77 c. 

Re 18.88 c. 

Error, ^^-^^^-b?'®® = 0.05 per cent. 
151.16 



HIBN EN aiNE— STEAM SUPERHEATED TO 231° C; EXPERIMENT II., 154 H. P.; 

EXPANSION 4. 

Account of heat, etc., per single stroke: 

Weight of fluid 0.3065 k. 

** " dry steam at cut-oflf 0.2866 k. 

" ** water ** " (6.5 per cent.) 0.0199 k. 

Heat given to iron 0.099 X 504.42 10.04 c 

Weight of dry sceam at end of stroke 0.2698 k. 

" *' water ** " " (12 per cent.) 0.0367 k. 

Internal heat at cut-oflf, U^ 176.81 c. 

" ** at end of stroke, U^ 164.44 c. 

Uo—U, 12.37 0. 

Heat furnished by superheating 13.22 o. 

*• " iron (above) 10.04 c. 



" " during expansion 35.63 o. 

•* absorbed by total work of expansion 16.52 c. 

" lost by external radiation 2.50 c. 

Re 35.03 — 19.02 = 16.61 o. 

Re in per cent of heat furnished ^ = 7.8 c. 

Check on Re: 

Internal heat at end of stroke, t/i 164.44 c. 

Back pressure work 2.45 c. 



if 
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Heat retained after oondensiDg 9.59 c. 

157.30 c. 
** gained by injection water 174.84 c. 

Re 17.54 c. 

Error ^^•^^_~li''*^ = 0.4 per cent. 
212.31 ^ 

HIBN ENQINB — STEAM SUPERHEATED TO 223^ 0.; EXPERIMENT III., 125 

H. P.; EXPANSION 2. 

Account of heat, etc., per single stroke. 

Weight of fluid 0.2822 k. 

Weight of dry steam at cut-off 0.2866 k. 

water at cut-off (superheated) . . , — 0.0044 k. 

dry steam at end of stroke 0.2449 k. 

water at end of stroke (13.2 per cent.) 0.0373 k. 

Internal heat at cut-off, Uo 169.93 c. 

" " end of stroke, U^ 149.42 c. 

U^—Ui 20.52 c. 

Heat furnished by superheating 11.56 c. 

during expansion 32.68 c. 

absorbed by total work of expansion 9.24 c. 

lost by external radiation 2.50 c. 

Re 32.08 — 11.74 = 20.34 c. 

28 34 
Re in per cent, of heat furnished -?j*~ = 10.5 c. 

Check on Re 

Internal heat at end of stroke 149.42 c. 

Back pressure work 2.17 o. 

Heat retained after condensing — 9.49 c. 

141.64 c. 
** gained by injection water 161.30 c. 

Re 19.66 c. 

Error ^^'^^7~^~^ = 0.3 per cent. 
199.36 ^■ 

The three values of Re, 18.80 c, 16.61 c. and 20.34 c, vary little; we can 
therefore state that these figures do not agree with the weight of water at 
the end of the stroke. Thus for experiments II. and III. the.flnal weights 
of water are 0.0367 k. and 0.0373 k., very near each other, while Re is 16.61 
c. and 20.34 c. We recognize here the effect of superheating, for under 
the same conditions saturated steam gave equal weights of water and 
equal values of Re. It is to be remarked that the highest cooling by the 






condenser Qoireeponds to the lowest work and the longest admisiien \ 
BiiperlieatHd. 

With jacket, on the contrary, the largest value of Re ia with the lung- 
eat eipanaion, U, of the "Corliss." or to the least work, 185 H. P.. ol the 
"Wooll" engine. The reason la that the jacket gives np heat dmlog 
exlian»t proportion ally to the diRerence of tejuperature, while with sapet- 
heating and Maturated steam the heat is stored in the surface. Also we tee 
that the difference 16 to 'iO c. is miich less than for the "Wooll" engine, li 
to 13 c,, while tot equal values of Ec. 11 o.. we have in the "Corliss" iLHilW 
and (i.nu'JS k., varyisg 3 to i, while with euperbeatlug the values of Re 
vary 1 to .'i. 

Finally, we see the proportion of steam condensed daring admission 
diminish rapidly, with the expansion pasBing(rom'24.i) to G.-^ toO in exper- 
iments I., II. and III., while in this lost case we tind, it we calculate by 
volume and weight the steam at cut-off, we get more than that gtveii by the 
direct measurement. The steam occupying the volume at cut-oS po«Be8seB 
an excess of heat, which ia betrayed by the greater pressure than wonld 
be given by the game weight ot saturated steam occupying the same space. 

It is then incorrect to say that superheated steam falls to the condition 
of satnrated stenm alicaya. and partially condenses on arriving In the 
cylinder; it is also wrong to attribute to the initial condensation all the 
loss of pressure observed Ijetween the boilers and cylinders. These losses 
of pressure are mainly due to restrictions in the pipes and passages; this 
is proved by this experiment where the steam at cut-oS is superheated and 
where the oondeusstion cannot be the cause of such loss of pressure. 
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Uniting in a single table (on opposite pagej the results of our analyses 
we shall render the discussion easier. 

The general effect of a prolonged expansion appears the same wbether 
it be a question of one cylinder or two: whether jacketed or not. It is 
to be remarked that the phenomenon is much more regular when the 
s produced in the same inclosiire, the order of transfers of beut 
us. while the large cylinder ot the "Woolf" engines gives bltth 
to singular modifications in the thermic action ot the surfaces. This 
peculiarity we have had occasion to note for the experiment with expan- 
sion l!f, and inttodnction of one-half the small cylinder. 

The increase of expansion always causes an increase in the proportion 
of steam condensed during admission, and a decrease in the amount of 
dry steam per total H, P. per hour; but this double action is more or lesa 
energetic as the engine is provided with a jacket or not, and according as 
saturated or superheated steam is used, which the figures of Table IV will 

Notwithstanding the reputation ol the "Oorlise" and its derivativM 
we have studied them oi a, single cylinder jacketed, with lour valve*. 



THE ALSATIAN EXPERIMENTS, ETC. 



278 



TABLE IV. 



HntN WITHOUT JACKXr. 



No. of exjMinftlons 

Force indicated on pis- 
tons, H. P 

Dry steam per tiour per 
totalH. P., ks 

Back pressure work per 
cent, of total work. . . 

Dry steam per hour per 
Ind. H.P., ks 

Mechanical efficiency, 
per cent 

Dry steam per hour per 
netH. P., ks 

Per cent, water carried 
over 

Per cent, water con- 
densed in jacket 

Per cent, water contain- 
ed at cut-off 

Percent water contain- 
ed at end of stroke. . . 

Uo — Vi during expan- 
sion, cs 

Re loss by cooling due 
condenser, cs 

Re in per cent, of total 
heat furnished 



CoBiiiss, WITH Jacket. 



11 

105 
7.188 
10 
7.983 
88 

9.071 

S 

6.5 

38.3 

21.7 

—6.32 

11.21 

12.03 



Saturated. 



n. 


in. 

1 


8 


6 


137 


168 


7.236 


7.307 


8.8 


8.1 


7.939 


7.966 


91 


92 


8.724 


8.646 


4 


5.2 


6 


6.3 


31.7 


26.3 


19.2 


18.5 


-5.92 


—1.83 


11. U 


11.15 


9.8 


8 



I. 

7 
107 
7.822 
11.8 
8.837 
89 
9.929 
1.1 

37 

35.2 

+5.12 

37.92 

21.6 



IL 

4 

146 
8.449 
9.2 
9.307 

92 

10.341 

1.0 

31 

25.2 
-1.87 
37.53 

16.4 



Superheated. 



I. 

196* 

7 

113 
6.665 
9.7 
7.870 
90 
8.188 



24.6 
21.4 
+1.66 
18.80 
12.5 



IL 

281«* 

4 

154 
7.000 
8.3 
7.633 
93 
8.207 



6.5 

12 

+ 12*37 

16.61 

7.8 



ni. 

228«» 
2 

125 

7.874 

8.9 

8.656 

91 

9.611 



13.2 
+20.52 
20.34 
10.5 



Withont doubt the arrangement with circular valves and the releasing gear 
are very ingenious and offer a certain interest, but practically we much 
prefer flat valves with right line movements moved by cams or eccentrics; 
they always close tight in consequence of the very nature of their work- 
ing. We have seen "Woolf " engines with the valve seat in perfect order 
after twenty years' working. The Him engine with four slide valves, 
with seats smooth and close to the cylinder, presents no defects after 
twenty-flve years. This reservation made, we will pass to the examina- 
tion of the three cases of the single- cylinder jacketed engine with four 
valves. 

The expansion changing from 6 to 14, the proportion of initially con- 
densed water increases from 25 to 38 per cent., a change of 13 per cent. 
At the end of the stroke the difference is less marked, from 18 per cent, to 
21 per cent. This proves a greater evaporation for the greater expansion. 
The heat required is drawn from the jacket and surface which has re- 
ceived it during the admission. But I do not insist upon this series of 
phenomena discovered by M. Him and described by him, for I have 
treated them at sufficient length in an elementary form in my paper of 



Superheated. 
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25th October, 187'! (BulUiina for March, April, May, 1877), ooncemlngthe 
ezperimentit executed under his direction. 

That which we sbonld remark, howerer, is that this progresa cronet 
the difference U„—U, between the internal iuftial and final heats, thelat' 
ter becoming greater as the expansion is increased. The 'WooLf engines 
with variable expansion and jaeket have already presented the same phe- 
nomenon. Is it then one of the effects of the expansion? or is it 
an effect of the jacket? The study of the Hirn engine permits us to 
decide. 

We have seen that the proportion of water at the end of the stroke 
for the "Corliss" diflera 3 per cent., while the weight of water is 0.0298 k. 
tor 11 expansions, O.OIMI k. for !), and 0.n39S for li; tlie valne Re is also a 
(nnction of this weight of water, since the loss Re is the amoant of beat 
required to evaporate a portion of water on the snrface and retnm it to 
the condenser in the shape of steam. How is It then that the three ralnes 
of Re are equal to 11 calories, when the weights are as 1, 0.8-5, 0.75? The 
same phenomenon presents itself with the "Woolf " engines, but in a man- 
ner reversed; in that we have dilTerent coolings with the same weights at 
the end of the stroke. Thus for B and F, expansion 6 and 25, the weights 
are O.DTOii and l).(N>85 k. of contained wat«r, while the values of Re are 
8.44 0. and 21. J3 c. Is this still the elTect of expfiusion? But then in the 
same expansion equal weights of water should give equal values of Re., 
and we should not have with the Mnnster engine, expanding 7 times, 
values of Rr,. ii.65 c. and 13. 4S c., when the weight of terminal water is 
0.(1413 k. and IJ.|)43I) k. lor 2<I7 and IK.'i H. P. Still, a question to which the 
experiments on the Hirn engine wiU give a solution. 

The intrinsic values of the different expansions are flsod as we have 
said bj the cost ol a total H. P. The economy realized by the work of 
steam is '.!. 15 per cent. t>etween expansion li and It tor the "Oorlias" en- 
gine ; but this benefit does not exist industrially, the most economic 
being expansions 4,(1 per cent, better than U. We can state here ngnin, 
for single -cylinder engines, the fotit that our imalyses established for 
"WooU" engines jacketed that prolonged eipousionH are far from being 
economical in practice. 

The Him engine, without jacket, consuming saturated stesm with ei- 
paasiona of 4 and 7, offers initial condensations of 31 and 37 percent.; with 
the latter the terminal value is nearly the same, 35 per cent., while the 
former has evaporated I' per cent., which is the reverse of jacketed en- 
gines. In these, a large expansion gives a larger evaporation : the super- 
heating also gives a large evaporotion with a less condensation for the ex- 
pansions which augment it. With expansions ol 2, 4 and 7, the sleam re- 
mains superheated for the first, and for the two others condenses at the 
end of admission, C and 24 per cent, at the end ot the stroke. The propor- 
tions of contained water are 13, 12 and 21 per cent. For the first case the 
superheated steam becomes saturated and then condenses 13 per cent, 
during the expansion, for the second the proportion of water increases 6, 
and tor the last only 3 per cent, to the end of the stroke. 
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WJtb regard to the Hnrtace condeneation and eTaporatioc, the anper- 
beatiDg acta parti; as a Jucbet. Its influence npon the internal heat U, 
and cooling due the condenser Re ahonld present the same analogies, for 
these qnnntitieH of heat are in intimate relBtion with the weights ol water 
present at the commencement and end of the eEpansion ; but the study of 
U and Re will show us that the action of miperbeating Is leas energetic 
npon them than a jacket, but that it coaduist^ to an economy at least 
equal if not greater npon the conaumption of steam. 

If we work the Him engine with saturated ateam, the internal lieat 17, 
grows leas with regard to U, when the expauHion is increased. The dif- 
ference (J, ^ (7, = — 1.87 c. with 4, and becomes 5.13 o. for 7 eipanaiona. 
The jacketed en^nes gave a reversed difference: the final internal heat is 
there increased with regard to the initial, when the expansion was pro- 
longed. The jacket is then the only cause of this accession of internal 
final beat following the order of expansion. This is also tbe manner of 
action with superheating, tor we see the difference U,^U„ pass from '2I>.62 
o. to VIM! c. and to 1.S6 a. when the expansions arc 2, 4 and 7. 

The remarkable action of tbe jacket upon different expansions, and 
the analogous but leas strongly marked effect of aniierheating. are more 
especially characterized by the succeHsive values which the cooling due 
the condenaer Re ncquirea. The Hirn engine without anperheating, with 
expansions 4 and 7, preaenta tbe same weight of water, O.OSMO k., and 0.01127 
k. at the end of the stroke, the values of Re are tlT.SS c. and 37,1)2 o. Note 
well that it ia not neceasarilj tbua, that the thermic conditions of tbe aur- 
faces could and should differ with expansions 4 and 7. This remarkable 
fact proves to as that without u jacket and with saturated ateam the weight 
of final water decides the value of He. If. however, we give to tbe ateam 
an excess of heat and superheat it, we see that with equal weights of water 
at the end of the stroke, o.(i:)73 k. and 11.03(17 k, with expansions 2 and 1, 
we have valnea of Ri-, 211.34 c. and IH.IU c, differing 3.7 c, when with 
saturated steam tbey were equal : but it is with Jacketed engines that tbe 
difference is greatest. Experiments 6 and F on the MaJmerspach engine, 
expansions li and 26, have, as we have seen, valueaof Kc, 8.44c. and 21.33c. 
for weights U.u7n6k. and (i.ntffiak. TheMuDster engine offers ilc, fi.iS c. 
and 13.46 c. for 2tI7 and inr, H. P., the weight of water being 0.11413 k. and 
0.0431 k. Finally, the "Corliss," with Re = 11 o. for expansions G and II, 
has terminal water 0.03H8 k. and 0.0298 k, 

There is a particular mode of working, wliich, singular and energetic 
as it aeems, should find its natural explanation when carefully studied. 
Tbe cooling by the condenaer Re ifl, aa we have many times said, tbe 
beat drawn from tbe siu'face by the evaporation of a part of tbe water 
which covers it, and the passage to the condenser of tbe water as steam. 
This heat furnished by the iron surface is given in two ways, according as 
tbe engine is jacketed or not. If saturated steom arrives in a cylinder 
without this Improvement, it partially condenses duringadmission, giving 
up thereby a certain quantity of heat to the metal, which restores it during 
nn and exhaust, We have stated that in this case and In the limits in 
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whicbwe bave operated, the voItieB of JtcareequHlIon 
minal water. Substituting auperboated steam (or saturated steam, 
Inniialled the Iron Burface during udmiaalon will be 
doitag the exhaust. Equal weights or termiual water 
ol Re, a losB ot 3.7 c. more correspoDiIIng to the greater eipanaion. Bat i- 
ia with the Jacket that the loss He increaaes with the eipauaion fur eqn»^ 
weighta of terminal water; here tlio heat is uot only stored in the metal BUT'"" 
face dnriug sdmisBion, it in furnished from without across the thiolcucsso- -* 
metal hj Kteam from the boiler eondensingon the cylinder. This couden- 
sation is greatest when the difference of temperature is greatest between th^m 
steam in the cylinder and the Jacket, that is to say, during exhaust. Thif« 
transfer of beat accelerates the evaporstiou ol tlie water which lines th^v 
interior surface, augmenting the value ol the loss Re. Snoh is the causis* 
which in most cases renders the jacket leas effective than superheating^ 
moderately; that Its action appears at flrat sight more energetie we shoultK: 
remember that it makes the dilTerence of beat that it gives the expansiouK^ 
and the waste heat that it givea tlie condenser a larger quantity than i^ 
given by superheating. 

The Influence of a greater or less expansion appears to be 
tmjacketed engines, at least this is the cose with the Hirn engine betweeuK^ 
4 and T expansions. With saturated steam the oosts ot a total H. P. are^»' 
8.419 and 7.8*22 k. which differ 7.* per cent. The same costs with super — ' 
heated steam are T.OOO and C.l>6rik.; at the same expansions tbejdiffer^^ 
4.11 percent., being less than tor saturated steam. But we should holdC:* 
account alao that the steam boa not been obtained at the same tempera- •* 
tnre in these two experiments. If the superheating had Iieen the Bame_ ^ 
the difference would have been 2 per cent, more, or T per cent., whether^ 
the engine works with or without superheating. Is it then only an eSect^V' 

of the absence of a Jacket, or should we consider it as caused by an inlro 

dnction already too great in the cylinder? We are brought to believers 
that these causes both act, for with superheating and introduction of one- — 
half there is a difference of 13.^ per cent, more than in the ezperimeot ^ 
with T expansions, a difference which would have been still greater it the ' 
temperature ot the steam in this last experiment had been 223" 0- instead - 
ot 1116° C. 

We see from the cost of a total H. V, which fixcG the valae of the in- 
trinsic worh of steam, and to which wo oould give the name of generic 
cost, offers a marked advantage for the prolonged expansion T. aa well lor 
saturated and superheated steam. This advantage dimmiehes In practice, 
the bock pressure and triotton uot varying with the usetnl work. That is 
with anperbeated steam the cost of a net H. P. is the same H.18H k. and 
8.207 k., when the generic costs differ 4.!> per cent, for expansions 7 and 4 
with saturated steam, and the some expansions the generic economy 7.4 
per cent, becomes a practical economy of 4 per oent. We found with the 
"Corliss" that the generic economy of 2,15 beuame a practical losn of 4.(1 
when the eipansion changed from 11 to U. 

Tbese resiilts bring us to the conotualon we have already stated 
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for "Wool!" engines jacketed, they confirm eiperi mentally tlie thtorelir 
advantage ot large expenaions rstaliliabed by M. Zeimer; at the name 
time the practical advuntnge of moderate eiiianelons, preconceived by M, 
illrn. 
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ce for this etudy let ua recall Home 
I keep well in mind during the 



Before stating the figures which a 
principleE which it is indispensable 
coarse ol the discnssion. 

We have determined lor each experiment tlie number of calories 
brought to the cylinder per stroke, as well eis tbe consumption of dry 
saturated steam tliat it represented. Tbis calculation bad for its object 
to bring all tbe engines lo the same unit of comparison. Thus all the en- 
gines which we have examined, whether jacketed or not, whether using 
superheated steam or not, oonsame a certain number of calories per stroke, 
which can be represented by a weight of dry steam prodnoed by the 
lioiler at the pressure ot the experiment. By opernting In this manner 
we preserve a rigorously exact unit, while approaching tbe old valuation 
which established the consumption of steam taken by the cylinder wltli 
more or less water and even superheated. 

It is not neaesaary to say that this weight of dry steam is not that 
which we study in the cylinder; in all the analyses we naturally hold ac- 
count of tl)e weight really existing in the engine. 

This consumption ot dry steam is then presented in three forms, em- 
bracing each a particular order ot facts. Tbe cost per hour of a total B, 
P., of an indicated H. P., and ot a net H. P. 

The first supposes apertoot vacuum, und we gel ridot (be construction 
of the engine, and sometimes ot tbe system adopted; in a word, we have 
the intrinsic value ot tbe work ot the steam. In comparing them, we are 
in a manner studying the use of tbe heat — of the heat brought to the 
engine. 

The second holds account of the hack pressure work, which varies 
from one experiment to tbe other upon tbe Mme engine with different 
loads. It is the cost referred to the measure ot the area of the indicator 
diagrams. 

Finally the cost of a net H. P. takes into account the friction of the 
engine and is the industrial value, more or less economic, of the engine ; 
it corresponds to the force measured by the brake. 

To each of these three kinds of consumption corresponds ii method 
ot working characteristic of engines with one or two cylinders. This 
mode of working we will define, aod join tberewitb the difierent results 
which indicate the kind and value of tlie transfers of heat. 

In the series ot our eighteen experiments we Hud two experi- 
ments ot which the figures are clusoly alike ; they can only be distinguished 
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by tbe cost, nnil are eminently suited for an exact comparison of aingle 

and double oylinder enginea. 

Theae axe the experiinonts npon the ' Waolf,~ expanding 13. and the 
"Corlian," expanding 6. Tbe proportions of contained water differ little. 
26.3 for the beginning and IS.5 for end, tor the "Corliss " ; 33.7 and IT.B per 
cent, for the " Woolf." 

The internal initial and final heats are nearly constant, 106..'I0 c— 
108.13 c. ^ — 1.83 c. = Po — ^1 and 28.1.55 c. — 282.3i c. = 1.24 c. The 
' Woolf " presents a peculiarity which we Lave already noticed. Dur- 
ing the expansion in the " Corliss " engine a eonlinuons evapomtion of 
6.H per cent, took place. In the " Woolf " engine the phenomenon is not 
so simple. We have in the total expaueion an evaporation of 6.8 per cent.: 
but, because nf the arrangement wltli two cylinders and the introduction 
to half stroke in the small cylinder, the expansion is broken into two por- 
tions, in each of whieh the trsnsferH of heat in a. manner diSer. 

The expansion in the small cylinder during the lust half of the stroke 
gives rise to an evaporation of 10.3 per cent, ot the water inclosed with 
thesteam, the internal heat is augmented U, — 0, = 283.55 C- — 305.84 c. = 
— 22.2!) c, much more rapidly than in tlie corresponding experiment with 
the 'Corliss," and is with 13.1 water. When the mixture pHase«l« the large 
cylinder at the end of the stroke, the weight of the water is 17.9 per cent., 
there has been 4.8 per cent, of tlie fluid condensed in the second port of 
the expansion. 

The modiflcation ot the thermic phenomena by an expansiou com- 
menced at half the email cylinder is radical, as we see ; it seems to prove 
the inaction of the jacket. We lia"e seen that the jacket connleracts in 
part the energetic coiideuvationa which are produced at the commeuco. 
ment ot the stroke ot the large piston. 

The fact which we note, joinert to the values of the cooling, by the 
condenser, tor the two experiments should reduce to their just value the 
edifying considerations, ontside ot experimental grounds, which show 
the superiority of " Woolf " engines. 

The too widely diffused opinion still is that for stationary as for mur- 
ine engines the double -cylinder jacketed engine is actnalty that which 
gives the best economic return in the production of motive power. 

" In these engines the steam acts first with or wltbont expansion in the 
small cylinder, then with expansion in the large cylinder. This latteir ia 
then alone in commnnication with the condenaer. By this dispositioa a 
portion ot the force produced escapes the cooling action ot the condenser 
and the cylinder condensation, 

" Further, beoauao ot the jackets in which the two cylinders are placed 
in the midst of steam from the boiler direct, the expanding steam in the 
large cylinder is at a much lower temperature than tliat ot the jacket, and 
consequently is easily warmed and the cylinder condensation notoblj 



These deductions, which appear so logical that I myself believed them 
rational enough (lb74r-T5}, receive the formal condemnation ol esperleBOS, 
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This proves OBce more that it is impoBfalble, as M. Hiro baa said, to eatab- 
lieh iijiriot-iimytliing tUat slioll be tolerably exuot ooncerniag steam en- 
ginus. 'A correct theory cnn only be established a ponifriori, tLat is to eay, 
ufter the experimental study ol eacli speoial syattMii of engines. " We shall 
see at the same time (bat it is important to collect together the discorer- 
iea that M. Hirn calls by the name of the 'practloal theory of the steam 
engine." This theory will enable us to establiah on aeertaln basis and 
with the most minute details the (.-omparative esperimental -values of 
the dUTerent systems of steam engines. 

It la generally admitted, we will say, that the arrangement with two 
cylluders ought to withdraw a portion of the force produced from the 
cooling action ol the condenser; bow is it then that we have Re S and ».3 
per cent, for the ' Woolt ' uud the " Corliss " T This same arrangement, 
-where the eipanslon ta made in the large cylinder with a steam jaohet 
which warms it easily, should diminish the coudeosatlon. Whence comes 
then the condensation of 5 per cent., which we have fonnd, when, on the 
contrary, the "Coriisa" and the small cylinder present evaporations ot 7 
and 10 per cent, during the expansion. Two hypothecea which appeared 
to have a certain basis ore annulled by the analysis; they should put us 
on our own guard against all researches which are not purely experimen- 
tal and veriQed. 

The two experiments which we compare have the same proportion of 
initial and final water, 35 and IS imr cent., the same loss by the condenser, 
8 per cent., for both the iuternul, Initial and final heat are nearly cou- 

The Donaumption o( dry steam should then fix for ns the relative 
Ine of single and double cylinder engines with Jackets, but' they should 

be admitted without preliminary discussion. 

naumption of dry steam per total H. P. givea, as we have said, 
the intrinsic value ot the work of the steam: it is 6.HTS k. tor the " WooU," 
expanding i:i, and 7.30T k. for the "Corliss," expanding 6, being 6.0 per 
cent, in (avor ot the " Wooif." This figure Bxos at G per cent,, the intrin- 
sic ooonomy realized by expansion in a separate cylinder; it it was not 
submitted to two important uorrections iu passing from the domain ot 
theory to the realm of industrial praotioe, it would seem to give reason to 
the partisans of this system. 

But before making these two corrections, we should notice that these 
two experiments have been made, with all their similar features, witb 
different expansions. An expansion of 13 gave with the "Corliss" an econ- 
omy of 1.5 per cent., and we can affirm without committing sensible error, 
that au expansion o( I'.i would give 2 percent, improvement, which re- 
duces to i per cent, the generic economy ot expansion in the large cylin- 
der. It is not large.' as we see, and this disappears completely, giving 
place to a, considerable increase in practice. 

In a note presented to our society (session Aug, 16, ldT4) and appear- 
ing in the Bulleliit iu 1S75 I studied the variations of bach pressures in 
Btflam cylinders, with the values of negative work in terms ot total work. 



Tbis etady proved that tbo negative work absorbed 16 per oent. or Um 
totEil work jn 'Woolf" euglnes, and T per oent. only in 'Corliss' engliiM, 
the bock presBQie work being the eanxe — D.lilt) to 0.21T in the two cases [i.% 
and 3.0 tbs.i. These reanlts were eatoblished where the proportioni of 
total work absorlied by tbe back pressnre remained oonstant. Tbe Ud 
experiments which occupy us have not tbe same vacuum, that of the 'Qa- 
Ubs" is a little better than the "Woolf," 0.184 to (1,226 k.. making 8 per cent, 
instead ot T per ceut, tor we are within the atated limits: witb a back pm- 
sure of (I.22G k., the negative work of the "Corliss" wonld bave been 9 pa 
cent. It Is thus proved that with the same vacnnm of 0.336 k. by the ttiS 
of adding a aeoond cylinder to prolong the expansion we create a serion* 
loRs: tbja loss destroys the genuine economy tbat we have established Ini' 
donble-oy Under engines from the consumption per total H. P. 

We shall not be aatonisbed then tbat the "Corliss" leads 2.3 per ceel., 
wbeu we compare tbe cost per indicated H. P., over the "Woolf," 

Finally, the last brake esperimenta by our Mechanical Committee hB« 
proved that there is a notable difference in tbe power absorbed in friction 
of the moving parts in two borizoutnl engines, ot which one bad n siDgl« 
cylinder wliile the other had two cjlindera, "Woolf" aystem. This infe. 
riority adds its Influence to tbe negative work and brings the two follow- 
ing consumptions per net H. P.: "Corliss." fj expansions. t),Gt6 k.; "Woolf," 
13 expansions, U.l&'i k. Sueh are the weights ot dry steam valued on 
a Prony brake; they repreaent the quantities of beat expended in the 
industrial cost of the motor, their difference ia ' - ~ ooj^ = g j pgj, aeut. 

in favor of tbe engine witli one oyllnder, coming to the point of tbe prin- 
ciple wblcb I stated at the sesalon of January 30, 1878, coneemlng jacketed 



Thai It is alvayu possible to eoiislruct a vertical btam engine leitK onr 
cylinder and four valves, consuming aaluraied ateam thai «haU lie at Uant no 
economical as the " Woolf beam engine. 

We bave compared the two experiments which are alike in moat of tbe 
transfers ot heat, etc. There are also others which hbonld coudnct us to 

e rigorous eoncluaions. Let ua aee, meanwhile, wh«t will resnlt from 
the whole of our verified esperimenta, to which wo wUl add the reanlta 
upon tbe compound ot the French Xuvy, which I published in my last 
memoir, 

Oni* readers may perhaps find that we tall into fastidious repetitions; 
but the figures insuribed in Table V, sbowa na once more that it ia impos- 
sible to draw conclusions if one la uot in possessiou ot a snfflcient series 
of experimental studies, not only of one system or other, but even from 
one experiment to another upon the same engine. What ia the use ot 
seeking tbe law of expansion, of substituting a curve ot tbe hyperbolic 
family, ot comparing ndiabatic curves and others with the indicator dia- 
gram, when it Is trapoaslhlo to deduce from one verified experiment tbe 
results which we shall obtain when we impose other conditions npon the 
engine? Tbe practical theory, the verified amUysis ol i 
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ments, can alone give ns the solution of probtems to which the; atlU 
appl7 formnlfe which are only experimental in name. This law which M. 
Him has stated, and which my preceding memoirs have conflrme'l, makes 
us consider the lormuiffi called experimental of expansion and work as 
algebraic distractions, perhaps interesting, but having, from a practical 
point of view, a atility hardly worth contesting. 

For as the true theory of the steam engine created by M. Him com- 
pletes itself every day that new experiments, entirely checked and ana- 
lyzed, are mode public and added to those which we have published after 
him. 

Have I not compared the results of pure experience in determining the 
influence of the vacuum, of throttling, of expansion, of the addition of a 
separate cylinder? And still in this case before placing the principle let 
ns leave a sufficient margin for the minor irregularities which It is difficult 
to avoid practically. 

All that we have said concerns only those researches which are en- 
titled "experimental researches. " By the side of the practical theory the 
generic theory ol the employment of steam as an Intermediate in the em- 
ployment of force retains its speoisl value. The flne work ot Zenner, for 
example, conceived in the purely theoretic manner, remains a model 



o( the tnetLod to be followed when tlie hjpotlieaiH is tluU Bw 
Murtacen traasmlt no heat: but wbat it Is necessary to HhnD with the 
greatest care is tlie luixttire ol generic theory with the prautieul theur; 
of whifh the starting poiiita are diametrically opposed one to the other. 

The BuccessiTe analyses have olreaily given all the remnrable pecul!ar> 
ities; in eaeh of the experiments we have nsed theni to determine the 
influence of expansion upon the transformations of the steam. We shall 
ulao ask of Table V a collected view ot the costs and the circunistaiineft 
which intlnence them. 

A part of the interesting results which we shall note concern the 'Cor- 
liss," expansion Ij, and the horizontal 'Woulf with the aame expansion. 
Thej present the relative value of single and donblo cylinder engines in a 
different form from that which we have examined when we consider oulj 
the parallelism between the transformations ot steam. Thus, with th« 
same expansions the cost of u total H, P. correspondB. 7.307 k. for the 
"Corliss" at lii** H. P.. iind 7.2»(] and 7.328 k. for the "Wool!" with VM and 
181) U. P. But we have ab-eudy said that this latter had an insufficient 
eompresBion in the clearance; if this compression had been properly regii' 
laled the cost would descend to T kilos, of steam per total H. P. We 
should then find an intrinsic difFerenoe of 4 per cent, in favor uf expan- 
sion in a separate cylinder, a difference which confirms the priacipie 
that we have stated concerning the generic economy of this kind ot 
engine. 

What becomes of this beneflt of i per cent, when we paw from the 
total work to the indicated and the net work; that is to say. when wo 
occupy ourselves with only the induntrial work usefully realized. 

The negative work of the "Woolf" engine absorbs 21) per ceil t. at 130 
H. P. and 17 per cent, at 180 H. P., while the "Corliss" only loses S per 
cent., which brings the "Corlisa" 6 per cent, ahead of the "Woolf under 
its best conditions at 180 H. P. It wc compare the cost of a net H. P.. 
valued by a brake, we And-"^'^^ -"I^'"'*''- = 1.3.5 per cent., which a suffl. 

cient compression will reduce i per cent., and there remains a practical 
gain in favor ot the "Corliss" of D.G per cent., working ut the same eipan- 

We see that the cost of a total H. P., 7.307 k. and 7..?S)il, are equal tor 
the "Corliss" and horizontal "Woolf" for fl expansions, 158 and 1H(1 H. P. 
A well-known construction would give the same vacuum, 0.184 k., to the 
"Woolf" OS the "Corliss;" but the negative work would be H per cent, and 
It per cent, at least. A difference ol S per cent, should be added tor fric- 
tion, being 'J2 and Si) per cent, respectively. 

The total. (1 per cent., could be reduced by 4 per cent, by proper 
cushion and there remains at the end ot our account an inferiority ot 3 per 
cent, tor the "Woolf" working at the same expansion w* theaingle'Cylinder 
"Corliss." In conditions easily realized in practice the consumption of the 
"Woolt"per net H. P. would be B.K k. This ia the lowest wo should expect 
from this kind ot engine. In my preceding paper I had fixed this con- 
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smnptlon at 9 k. dednoed (rom the yertloal "Wooll" and the "Him" engine 

with anperheated steam. 

With diSereat expansloan, 1^ and fi, but witb equal transformnttons ol 

Bteam, tbe coata per total H. P. varyS.'.i peroent. agaiDst tbe "Gortlsa" with 

the same vaonum 0,184 k.: for the two engines the back pressure work 

would have been 8 per cent, for the "Corliss" and 13 per cent, tor the 

"Woolf," being 6 per cent, the other way; there remains only about 1 per 

cent, advantage, comparing by the indicated H. P. iDdnstrially this 

advantage disappears and there is a loss o( 5 per cent, against the "Woolf," 

the triution being such that we obtain 8<i per cent, being U per cent, worse 

^ttftti tbe "Corliaa" at D2 per cent, mechanical efflciency. 

Ht We have then the right to conclude that the single- cylinder engine is 

^W leo^I the equal oE the double -cylinder, although to this day with dlflfereiit 

' oonsumption more favor ia shown the double -cylinder engines. 

A Dumber of other iDterestlng results ore preseuted by our table, I will 
point oat those given by superheating without going intodetaile on the siili- 
ject, the question having been many times treated lu our iJuIIeittM, then the 
effect of throttling reducing from 347 to 185 H. P. For the other experi- 
ments the small difference in generic cost is tbe othur way and may be 
neglected. 

We can push all these comparisons very fur into the most intimate 
details of the working of the engine, following the elementary 
method, which consists simply of examining all the reaulta of our veriQed 
experiments. We believe that wo arc rendering a service to onr readers in 
leaving to each the particulai' study of the experiment which iuterests liim. 
Our duty ahonld be to point out the path tobe followed; to givea anfHeient 
number of veriHed experiments to permit the engineer to find the points 
for future researches. My end in writing this paper has been abuve all to 
confirm by a sufQcient number of verified analyses the principle of the 
equality of double and siugle cylinder engines In point of consumption, to 
determine the degree of Influence of a more or leas prolonged expansion, 
rify again the influence of a reduction of passageway or throttling the 
a entering the cylinders. 
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All these aotions we have seen are in a reetrlcted oircle; we ctm Bi for 
tLe builders the lower Unlit olcoBSDmption, a limit which weshonldseebto 
attain \iy good doaigos. We can give at the same time the tiorresponding 
eouaumption of coal, but we worn the reader that this Talnation ebontil 
never be taken as a unit of aomparison, tlie caloriQo power of coal beingas 
variable as their localities. We will admit, however, that from tbe unmer- 
ous eiperimeuta made by the Society of Mulhouae upoa boilers, a weight 
of dry steam, elgbt times the weight of the coal can be prodaced b; 
medium coal (Quncbamp). Tlilals the Ugure on which we will give the fnel 
required. 

Tiie consiimptlona ol dry steam per bonr for Indicated and net horae- 
pciwer, are deduced from the total horse-power foand eiperJmenlally- 
They have a real hose, a de&nlte point of departure easeatlally certaiu iu 
practice. 

The back pressare work variea from 0.200 k. to 0.320 k. tor the doable- 
cylinder engiaea and 0.160 to 0,200 k. for aiagle cylindera, valaes which it 
ia always poasible to secure by proper arrangements of tbe exhaust. 

Concerning tbe mechauloal efficiency, three of them have been ob- 
tained dtreobly by brake. The others have been deduced from these same 
eiperimeuta by comparing the iudicatdr diagrams. We liave seen that 
there cannot be an error of 1 per cent. The net power is then eiavt. It 
is that which represents tlie industrial work. 

Iq this form, which only differs from Table V. by the uniformity of llie 
back pressure work, wo perceive clearly the Influenoe of an expansion pro- 
longed from T to 13, a generic gain of i per cent., whloli induatrially is 2 
percent. The compound engine comes after the "Woolt." 

The horizontal "Wooll" and horizontal ''CorlisB''have the same generic 
Donsumptlon tor the same espanaion. This disappears and the "Corliss" is 
6.5 per cent, better than the "Woolf." industriaJly. 

Finally the steam per total horse-power for the "Woolf" expanding 13 
times ia within 3 per cent, of the Hirn unjacketed with steam heated to 
200° C, which becomes 12 per cent, in favor of the superheating, when we 
compare the net horae-power, while the "Corliss" ia only 7 per cent behind 
the Him. 

In presence of theae results have we not the right to ask what dis- 
coveries have been made since the day that Watt created the engine? 

Without speaking of the well-balauced mechanism of the beam engine 
we can any tliat this man of genius bad produced the heat engine complete 
in lt9 three parts; the separate uondenser, the steam jacket, an expansion 
prolonged as useful, leaving to those who came alter to seek the attain- 
ment of high pressures, the construction of boilers at his time prohibiting 
him from following the complete realization of the principles of expansion 
which he had stated. 

Also is there not in the series of improvements in tbe construction of 
ougiaes tliat we have been studying, a marked discovery in tbe history of 
the heat engine, bringing another order of ideas, born nearly at the some 
time as thermodynamics, of which it is one of the best applications? 



id 
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Each of my readers has always nnderstood that I refer to the discovery 
made by Hirn and stated in our Bulletins for 1855, for it was at that time 
that he demonstrated the thermic influence of the metallic surface of the 
inside of the cylinders upon the inclosed steam. This discovery, analyzed, 
discussed and completed by twenty years of continual research in which 
he has kindly associated me, has conducted him to a method of analysis 
that he has called the "Practical Theory of the Steam Engine. " We have 
not insisted upon the exact character and almost elementary simplicity 
which is one of the remarkable features of this practical theory. As to 
its importance, it is, I think, placed beyond doubt by the value of the 
facts that it has permitted us to define in the course of this paper. 



CHAPTER VI. 

STEAM HEATING,' 
INTBOmiCTION. 

The snbject ol Steam Heatltig will be presented in tbia Chapter nndat 

tbe followiug beads: 

A.— The tJicorj of ateam beating, the laws of the trail amission of heat 
and the coefflcleutH uaed in roduuing this thcorj to prautlce. 

B.— A deseriptlon of the various syatema in use in the fnited States, 
with a note on the magnitmie ol the works employed up to 1881. 

C— A dutoileil description ol the apparatus used and the experimeuts 
made under the dlreutlun ul the writer. 

D.— The project of heating a ei 
of the cost when condensing and ni 



ton mill with steam, and a comparison 
i-coudensing engines are used to drive 



A.— The Theory of SItam Healing. 

The transfer of heat takes place by three processes; Radiation, Con- 
duction, Convection. 

In beating a room, tor example, with an open grate fire, the heat in 
the room is mostly radiant heat. The beat of the fire is given to the gas 
and air in the flue and is carried away by convection. With radiation we 
have little to do, as in all heating apparatns the beat is brought to and 
delivered From xome intervening solid body by fluids and passed through 
the solid. 

The rate of conduction through a plate is expressed by a weU-kuown 
formula (Kankine's "Steam Eugine,"p. 2(10, J 



r — T 



where T and T a; 



g temperatures of the fluids a 



either side of tbe plate, ° and t" are the coefflcleuts of conductivity from 
the fluids 'o tbe plate, and j tbe thickness of the plate, i' tbe conductivity 
nt the plate itself. 

For British units with x in inches c = 0.0(143 heat units per square fool 
per hour tor iron plates, a quantity which, with ordinary thicknesses, is so 
small that it may be neglected tor Iron plates. 

The terms oand "' depend entirely upon tbe nature of the surfnces and 
upon the rapidity with which the fluids are circulated and tbe heat brought 
to and removed from the plate or nurfaces in question. What is required 



■A pKtxi reUI betore the EnglneerB' Club ol St, Lanla. Ji 




STEAM HEATING. 287 



for ns as engineers is to determine the limits whioh appear in practice, 
leaving to the physicist the general investigations of the laws of the sub- 
ject. 

It has been suggested {v. Rankine's ''Steam Engine," p. 260) that for 

iron plates <t + (t' may be put equal — -,» and then g = ^ - — - and 

a = ^ - -^ ^ , and he further states that for air and water in a furnace 
Q 

and boiler a is from 160 to 200 for q in British units. 

When the fluids are steam and air, we should expect from the greater 
mobility of steam than water, a greater rate of conduction, and we are not 
disappointed. 

From many experiments in the open air, the steam condensed per 
square foot of pipe surface of ^ inch thick wrought iron is found to be 1§ 
pounds per square foot per hour when T" = 220° F. and T = 20° F. 

In British heat units, the heat given up per pound of steam is 969 
units; but as the water temperature is not given and is usually from 180° F. 
to 200° F., we shall make no large error by taking in this and in other in- 
vestigations the heat delivered by condensing 1 pound of steam as 1,000 
heat units; we then have. 

(r_ T). ^ 200_x 200 ^ 29 ^^^1 
q 1375 -fi^"^"J^- 

Experiments made by the writer, which will be described hereafter, 
give values of a as great as 100. As experiments were made under the 
usual usage, and are more nearly iu accordance with practice, the results, 
moreover, giving for the larger values of a a less rapid transmission of 
heat, they are obviously the safer to follow in designing heating surface. 
The great difference is to be attributed entirely to difference in the circu- 
lation of the air by which the condensation was effected. 

By experiments made in the United States Navy, seepage 63 of "Trea- 
tise on Boilers,** by Engineer-in- Chief Wm. H. Shock, the transfer of heat 
is stated to be in proportion to the difference in temperature, instead of 
the square of the difference as taken by the writer. 

The experiments there given appear to give the same quantities as 
those noted above in the open air, but would be reduced to g = 2.6 (r' — T) 
by the writer's experiments under the practical conditions commonly 
found, and this seems to agree more closely with the usual practice in the 
United States, and we shall therefore use this formula in preference to the 
other and more scientific one. 

The heat required in any given building will depend upon the heat 
transmitted to the external air around the building and the amount of air 

carried through the building or the ventilation. The former effect is 

y T 

measured by the same formula, q= . , , , where of course the con- 

ff + <r + px 

stants have different values, and the latter, by the quantity of air used in 
ventilation and the amount of heat given to the air. 

The constants o, ff and p vary very much with the materials of the 
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walls and roots, and the kinds of enrracea; but the most important oanw 
ol variation is the rapidity with ^ liich the heat is removed from tbe ont- 
side by the action of the wind, and the variation (oDnd here is so great 
that the minor changes become less importuDt. The effect ol ventilation 
In easily computed from the weight and specific Ueat nl air when tbe qoan- 
titiesare known. 

The values oF p and a 'r r^ are given by some writers on heating and 
ventilation, but our safest courae, as engineers, will be to aeek the practi- 
cal limits given by experience, aud we And the limits pretty wide. 

According to D. K. Clark ("Uannal tor Uechanioal Engineers,' p. 488). 
M. Peulet fonnd that (or T — T = 36= F. each agnare foot of wall 
wonid transmit 36 British units per bonr, and that the glass windows 
posfed heat at the rate ot 30 nnits in place ot 2ii. The same author gives, 
on the authority of Air. Hood \.lA*m.. p. 481). the rate ot 1.4 units per 
square toot per hour per degree of F. of T ~ T for gloss windows, or tor 
'iVP q = 50.4 units, and the further statement that q varies with the square 
root ot the velocity ot the wind. From experiments by the author od large 
buildings, the transmission varied from O.iiT to 1.2G units per square toot 
per hour per degree F of 2" — T tor the whole surface of walla and win- 
dows. The larger values were produced by wind action, and are the ones 
that should be taken in practice. The effects of a liberal ventilation are 
included in the above results. The experiments will be given later. 

Summing up these results we find that tLe transfer ot heat from steam 
to air may be e^tpreased naq = a {T" — Tj where T aud Tare the temper- 
atures of the steam anil air on each side of a thin iron surface, and q is the 
rate of heat nnits per unit of surface per hour. 

For T and Tin degrees F. aud '/ in British heat units, a = 2.0 for 1 
square toot per hour. 

For T and T In degrees centigrade and q in calories per sqnare metre 
per hour, a — 12. 4H. 

For the eiternnl surface ot a building, iuoluding walls, windows and 
root together, and taking no account of the material tor the niosimum 
transfer ot heat, q = c {T ~ T). 

For q in British heat units per square foot per hour e = 1.25 lor F^. 

For q in calories per square metre per hour, c = 6 for 0". 

For the surface of a steam boiler as ordinarily constructed '^ — */r 

For British heat units and F. per square toot per hour, a = 20(1. 

For French heat units centigrade degrees and meters, per square meter 
per hour in calories, a =- 23.14. 

' = 0.0432. 

For keeping any building permanently warm we must have a Bteady 
flow of heat from the furnace to the boiler, from the boiler through the 
heaters to the air in the building and from the walls to the external air. 
The same number of heat units per hour must be transferred in each case, 
whence it becomes easily possible to find the heating surface and boiler 
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surface to warm any given building, taking, of course, the most unfavor- 
able cases, and allowing for losses between the boilers and heaters, and for 
the ventilation. 

Another method of expressing the transfer from heaters to building is 
by the number of units of volume which can be warmed by a unit of 
heating surface, and this, of course, varies with the proportions of the 
building and the range of external temperature, but the application must 
be to buildings of ordinary proportions, and though more commonly used, 
is really less reliable in its results. 

With the practice of the Dubuque Steam Supply Oompany, at Dubuque, 
Iowa, we find that with the external air ranging to 0^ F. or — 18^ C, 1 
square foot of heating surface warms a number of cubic feet as follows, in 
columns 2 and 4. 



Whsn Hbatbbb abb in 
Same Booms. 



Cable ft. per 
sq. ft. 



Dwellings 

Stores, wholesale 

retaU 

Banks J 

Offices > 

DmR stores ) 

Dry goods 

Hotels, large 

Churches 



60 
126 
100 

70 

80 
126 
200 



Cable metre 
per square 
metre. 



15 
37 
30 

21 

24 
87 
60 



WmsN Hbatebs Abb In 
Basbmbnts and Wabm 
AlB. 



Cubic ft. per 
sq. foot. 



40 

100 

80 

60 

70 
100 
160 



Cubic metre 
per square 
metre. 



12 
SO 
24 

18 

21 
SO 
46 



To reduce these numbers to cubic metres warmed per square metre 
we multiply by 0.3, obtaining columns 3 and 5. 

B. VariouB Syatema in the United States. 



In the United States the application of steam for heating was begun 
in 1842, by J. J. Walworth and Joseph Nason, and the first building heated 
by steam was a cotton mill in Portsmouth, N. H. The exhaust steam from 
the engine was used very successfully, and from that time to the present 
there has been a steady increase in the number and magnitude of the 
works constructed for this purpose. This has been owing to the severity 
of the climate and the large number of new buildings erected in the rapid 
growth of the country. The business of the Walworth Manufacturing 
Company, of Boston, Mass., in constructing steam heating plant is now 
$1,500,000 per annum, and there is in the United States a business estimated 
by competent authorities at $6,000,000 per annum, which has for the past 
30 years averaged $2',000,000 per year. In other words, there is now in- 
vested in the United States about $60,000,000 in steam heating apparatus. 



so tliat in tbla enbjeot tbere is no lack of prec«dentfi for masj' kinds ot 
apparatus. 

TLere are two classes ol plant naed, as was Indicated by the coltuuns 
2 and 1 for tbe table above. 

When the heaters are placed in the rooms to be heated, the heating is 
auld to be direct. When the heaters are used to warm air in separate 
ohambors, which air is then Iraneterred through flues to the roonia to bo 
warmed, the heating is called Indirect. 

The ehoioe between these systems is to be governed by other condi- 
tions. Where Hie oir is not renewed frequently, or where the space to be 
wormed ia large In plan but not in heigtit, the direct Hyslem appears pre- 
ferable; but where large ventilation is required, or the building is lofty, 
the indirect method offers many advaotages. It appears necessary to pro- 
vide more heating snrfaoe by the latter method; but the labor aud 
expense ot fittings is often much reduced thereby, while with improved 
aiTangements there is little difference iu the snrface required, t'enally 
the movement ot the air by which tLe Indirect syntem beats a bnilding is 
effected by gravity, but iu some instauaes fans have been employed, re- 
qnlring, of course, power to drive them. 

In regard to the different forms of heaters used in the United Stales 
there is great variety, from the single Hue of large pipe and the manifold 
lines, where the steam flows through several pipes side by side, to tlio 
elegantly finished work used in oil the large hotels, aud the complicated 
heaters used with the indirect method. 

Within the last three years preceding IHSt steam heating has assumed 
a new form, by the use of long lines of pipes undergronnd, thus placing 
the subject upon the basis of a gas or water supply, Compeniea for this 
purpose have been formed and works put in operation in many places in 
the United States. The table opposite gives some information concern- 
ing these works. Ttiis list is being rapidly extended, and atter passing 
Its experimental stage the subject can be placed upon a good financial 
basis. At the present time, although the matter ia a success from the 
physical standpoint, yet rates and charges are stilt in an unsettled con- 
dition, and the owners by no means satisfied in most of these places. 

From experiments with pipe laid and protected, as such companies 
protect them, a loss ot heat ot the pipes is found at 511 British heat units 
per square foot per hour with steam at '2fW^ F., the ground at say 58°, 0.05 
pounds per square foot per hour being the condensed water by weight. 
Experiments by the writer gave tlie same value, but in long lines a further 
loss takes place by leakage and by importcet traps, a very essential part 
ot the system. In tact the experience at Dubuque Is that about one-halt 
ot the steam mude is wasted, according to the statement ot the superin- 
tendent. 

Steam tor heating Is carried at all pressures in the United States, and 
while, as well known, no economy In fuel can result from the use ot high 
pressures, yet a smaller plant oan be made to do the work. and. in (act. 
the flrst remedy in cold weather tor cold rooms is to rnise the stetun pres- 
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sure until the increased energy of transmission of the heaters produces 
the desired result. 



City and State. Pipe Underground. 

liockport. New York 3 milea. 

800 feet 6 



Dubuqae, Iowa. 



1,960 
.S,818 
4,441 

206 
0,073 
2,608 

643 



i( 
«i 

it 
It 

It 



6 

4 
3 
2 

IM 
1 



Aabnrn, New York 1 mile. 

,000 feet 6 
Detroit, Michigan -(2,000 ** 8 



(6, 



Milwaukee, Wisconsin. 



000 
000 
686 
2,540 
6,166 
876 
6,196 
1,300 
16,900 



inches 
«i 

ti 

*t 

•( 

(t 

(t 

t» 

inches 



It 
11 
«i 
i( 
II 
»t 
It 



smaller than 6 in 
10 inches 
8 
6 
6 
4 
3 
smaller pipe. 



.1 
«i 
i« 
II 
II 



Remarks. 

Heats 3,500,000 cubic 
feet space; has 100 
consumers 

Boiler capacity 26,000 
lbs. water per hour, 
from 40° F., at 280* P. 
evaporation. 

Heats 6,000,000 cub. ft. 



Heats 6,000,000 cubic 
feet and runs 10 en- 
glnes. 



Boilers for steam heating are of all sorts and kinds, and the only point 
which is vital in designing them is to keep in mind the range of action to 
which they will be subjected. For the work of a boiler in making steam 
for heating is more like that of a locomotive boiler than anything else. 
Every degree change of temperature, and every change in the wind is felt 
by the men with the shovels, and quickness of steaming and capacity of 
furnace for burning fuel is essential. Grate surface enough must be pro- 
vided to do the work in the coldest weather; and this grate will be too 
large for economic evaporation in milder weather; and while large boiler 
surface is a good thing it is not judicious to invest in a boiler large enough 
to work at a high economy of evaporation during a few days only in a year 
of the hardest work. It is more economical to crowd the boilers at the ex- 
pense of the fuel at such times, and a boiler must be provided which can 
be crowded hard. 

C— Apparatus and Experimeuta Made by the Author. 



In the winter of 1878 the writer placed before the directors of 
Washington University in the City of St. Louis, Missouri, a plan for heat- 
ing a portion of the buildings belonging to the University by steam, 
which plan was adopted by them and built. 

The central group of buildings consists of the Academy, the Museum 
of Fine Arts, the Manual Training School, the University, Laboratory, and 
Gymnasium; the three latter are called collectively the University. To 
the west is the Mary Institute, with its own boiler, and to the east the Law 
School, occupying the old building erected for the Mary Institute; the 
future of this building being uncertain, it has not been connected for 
steamheating. The Mary Institute heating apparatus is mainly indirect. 



und CDQHtatH ot beaters hiing ia tho basement in mnall air chambers con- 
ne(;ted by flues to tlie different rooms. The air faeateil is taken either troia 
the basement or from out-doors as desired. The operation ia quite satis- 
factory; the steam is at preaeut supplied by two boilers in the building, 
but it Is probable tbat it will be connected to the central group and oper- 
ated trom the main boiler boose in a short time. It has now been in Q8e 
for tour years. The condensed water returns directly to the boilers. 
The heaters ol east-iron are corrugated castings short and placed hori- 
zontally. 

The Academy and Museum ol Fine Arts are heated by fittings pnt in 
by tlie Walworth Manufauturiug Company. In the Academy cold air is 
taken through openings in the walls close to the heaters, and the ronl air 
passes through flues from the rooms to the top ol the building and 
escapes. The steam and return mains are led around the basement, nnd 
vertical steam and return pipes rise through the buildings with one heater 
connected to them on each floor. As little horiKontal pipe is m 
slble, and that is kept in the basement. The steam pipes rise all the 
and the return pipes fall all the way. The horizontal steam main mttat 
be kept dry and tho return main full of water in order 
what is known a» "snapping" a phenomenon sure to attract atteat 
when it does oaciir, and which is sometimes dangerous to the joints i 
the pipes. 

'Snapping" is eansed in this way: when any of the condensed wi 
flnda its way into steam that is warmer than itself, it causes a sndden 
deneatton, and the stenm closes up so rapidly that a shock and 
sound result. With large pipes and well-defined currents of steam 
water condensed remains at the temperature of the steam and is swept 
along with it. To Illustrate more fuUy. it, in the .^.cademy bnllding, a 
heater on the upper floor is shut oS, steam wiU condense in the upper 
portion ol the vertical stand-pipe, and there being no current in theuppeo* 
portion and not much below, the water stands in drops on the iron cool- 
ing and occomulating till it falls into the hotter steam below. A sound 
like the crack ot a rifle is the result. Tlie remedy is to open the heater 
on the summit of this pair ol pipes, or to connect the stand-pipes them- 
selves; a better but more expensive way is to pat In a pair of vertical pipes 
for each heater from the mains in the basement, with the valves at the 
bottom. The greater portion ot the Ouiveraity buildings is heated by 
tubular heaters in the basement, the warm air being led to the various 
rooms by flues in the walls and moved only by gravity. The old heaters 
were of cast-iron heated by flres made in them, and the new heaters were 
applied to the same system of fiuus. The heaters were described in a 
paper by Mr. Cbaa. F. White before the Club, and printed in The Amariean 
Engineer. Certain rooms in the upper floors are unprovided with wall 
flues and are warmed by direct heaters; as these heaters are connected to 
a pair of horizontal pipes of considerable length, the condensed water does 
not drain property. Tbe drying tables and sand baths in the chemical 
oad physical laboratories and one small heater Is placed in a small room 
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on the first floor of the south wiDg, and one on the upper or second floor 
of the Laboratory building. The Gymnasium is to have heaters of the 
kind in the upper floor, with horizontal mains in the basement. At the 
we.st end of the University building, the heating surface is not sufficient 
to make up the loss from the walls, and the upper floors draw off the heat 
from the lower rooms. This could be prevented by controlling the area of 
the flues which carry away the warm air, but will be remedied by placing 
heaters in the lower room. With the exception of two rooms the heating 
is ample in the coldest weather. 

The Manual Training School is heated in part by direct and in part by 
indirect radiation. The two lower floors with the four workshops are 
warmed by 4 lines of 2-inch pipe along the foot of the walls under the 
benches, and the upper or school room floor by a pair of tubular heaters in 
the basement, and one room has two lines of pipes on three sides. The 
steam is taken either from the steam main or from the exhaust steam of the 
n on -condensing engine used for running the tools in the workshops. The 
air from the heaters in the basement is conveyed to the upper floor by metal 
flues passing through the floors. 

The dimensions of the buildings and surfaces met with are given 
for the central group in the following table with French and English 
units: 



APPBOXHiATE DIMBN8ION8 OF BUILDINaS IN THB CEMTBAIj GBOUP. 



Volnme, c. f 

Volume, cm 

External surface in sq. ft. . . . 

External surface in metres. . 

Heating surface in sq. ft 

Heating surface in metres. . . 

Volume c. f. to 1 sq. ft. heat- 
ing surface 

To 1 sq. ft. of wall 

Cubic metres to 1 sq. metre 
beating surface 

To 1 sq. metre wall 

External surface to beating 
surface 



Academy. 


Manual 

Training 

School. 

225,(H)0 


Museum 

of 
Fine Arts. < 


Gym- 
nasium 


Uni- 
versity. 


450.000 


500,000 


100,000 


760.000 


12,600 


G,300 


14,000 


2,800 


21,000 


36,000 


20,000 


36,000 


13,000 


80,000 


3,348 


2,418 


3,348 


1,200 


7,440 


3,500 


1,870 


3,300 


500 


6,000 


323 


174 


• 307 


46 


56S 


129 


120 


162 


200 


125 


12.8 


11.2 


13.9 


7.7 


9.4 


30 


36 


45 


60 


1 38 


3.8 


3.3 


4.2 


2.3 


' 2.8 


10.3 


10.7 


10.9 


26. 


1 13.3 








. 





The boilers are three in number, set independently, two being used at 
once. They have each 768 square feet of heating surface, and 24 square 
feet of grate. The stack is 12.25 square feet aperture at the top, and is 105 
feet above the grate bars. 

All fuel is weighed, and all water, fresh or return, is measured either 
by metre or weight as desired. The coal used is bituminous, from the 
neighboring mines in Illinois, and has a chemical composition capable of 



204 STK-i.V rS7A7,'.- OH. STEAM EX'i INK PHACTtCE. 

evaporating 12 iinttH ot water b; 1 unit of coal by weight, (rom and at 
213" F.; ash. 12 per oent. 

Eiperlmeuts of Msrali, 188(1. Fiiel and water weighed (or one week; 
one bailer; niaidmuti) coal per aqnore foot ot gTBte, as ponuds; mean era- 
poratlon trom and at 212^ F,, 0,49 pounds; priming, Q per oent. 

Esperiments of October, 1S80. Coal weighed and water by meter 
(Worthingtoni for one week; two boilers; mean evaporation for the week, 
7.1 pounds; maximum for 24 houra, 7.0 ponudn. 

As the meter wus a, piston meter, the results are not likelj to be in ci- 
cess of the truth on that aecount. The weight was charged each time. lull 
aud empty barrel of water, and the time noted. 

The priming by the method of Hirn. The work done was exceedingly 
varied in the Maroli experimeutH; it was found that at that time the work 
trom G A. H. to 12 noon waa double that done iu the other 18 hours. 

Experiments upon the tranamisaion of heat have been made upon the 
Academy and University buildings ouly, the quantity ot water condensed 
being noted, with the steam pressure, tlie temperature ot the external air. 
the air in the buildings and of the return water. 

WHh external temperntures from 10° F. to 45^ F., and the buildings 
from Gil° P. to 75° F.,Hteam from 260' F. to 280° P., the values already given 
for a were toutid. The duration of the experiments was from three 
to eight honrs, taken during the ordinary operation of the works. The 
return water was usually from !90° F. to 210° F. The experiment for 
underground uondeusution was made in the same way, and lasted Qve 

The conHtniction of the boilers was shown in the paper by Mr. White 
above referred to. 

There is one element, not yet mentioned, and that in the time in which 
the bulldiuga muut be warmed. In the experience of the writer at the 
University building the Ai:Ademy can lie warmed in cold weatber in three 
hours, and in tact the steam is only supplied for twelve hours ont of the 
twenty-four. The University building with the Indirect beaters has to 
be kept warm all the time, and in cold weather takes ten or twelve bonis 
to get warm tbroughont. For rapid heating, the direct system with ample 
Burfatte appears best adapted; but for steady heating, with parity of sir, 
the indirect is to be preferred. 



D. Denioniitg a Si/atev 



Suppose that it is required to design tho heating apparatus for a 
large building. This will include the boUers, the heaters and their dia- 
position, and the choice of a system direct or indirect, and the use of ex- 
haust steam from nn engine. 
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To fix onr ideas let ns consider the case to be that of a cotton mill with 
the following dimensions: 

In English measure, 328 feet long, 40 wide and three stories of 13 feet 
in height, making 40 feet say as the height, rectangular in plan, having 
a volume of 524,8(H) cubic feet and a surface of 42,5(>() square feet. 

In French measure, 100 metres long, 12 metres wide and 12 metres 
high, having a volume of 14,4(M) cubic metres and a surface of 3,888 square 
metres. 

Such a mill will contain 10,500 spindles, 225 looms and the proper pro- 
portions of cards, with the other machinery belonging to the manufacture 
of cotton. 

Let the lowest external temperature be assumed at 5° F. = — 15°. C, 
and let the minimum internal temperature be assumed at 59*^ F. = 15 C, 
values which would be likely to suit most localities in the United States, 
and even if exceeded would not be very often passed. The range of wall 
transmission will then be from 59° to 5° = 54^ F. = 30° C, and the quan- 
tity of heat transferred may reach 54 x 1.25 units per square foot per hour 
or 30 X 6.0 calories per square metre per hour — 67.5 English or 180 French 
units. 

67.5 X 42,560 = 2,872,800 heat units per hour, or 
180 X 3,888 = 699,840 calories per hour. 

To decide upon the amount of heating surface the temperature of the 
steam must be known. The choice of the direct or indirect methods will 
probably be made from the form of the building, which covers a large area 
and is not very high, and the magnitude of the rooms, supposed to be not 
more than two to a floor, as direct surface; and the kind of heaters by 
economy only, to be pipes laid along the foot of the walls, or rather along 
the walls near the floors. 

The temperature of the steam will much depend upon where it comes 
from, from a separate boiler or from the exhaust of an engine, and we will 
examine throe cases: 

1. A separate boiler. 

2. A non- condensing engine. 

3. A condensing engine. 

With a separate boiler we are not limited as to pressure except by con- 
venience, and we will assume 50 pounds per square inch above the at- 
mosphere, 65 pounds absolute, or 4^ atmospheres, the temperature of 
the steam being 297° F., or 148° C. 297° — 59° = 238° F. = T — T = 

148° — 15° = 133° C, q=^^'~—}! = 566.44 heat units per square foot per 

hour = 1,528 calories per square metre per hour. 

The slight difference in these results is due to a neglect of decimals and 
is of no practical value. 

The boiler, to give this amount of heat, will have to evaporate 2,873 
pounds of water per hour, or say 3,000 pounds, and will require, at 4 
pounds of water evaporated per 1 square foot per hour, an amount of heat- 
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ing fiurfaoe = 7511 square feet. As tills is the maxlmnm capacity, wt? Had 
tbiLt 21 squurt! teet of grate, Avitli conl evuporating li ponuds of water 
per 1 pound cool, liurning 51)0 pounds per lionr, or abont 22 poutids cotl 
per square foot of grate, id ao ample provision. A. smnJler grate, wjUi 
I'areful Bring, would give better results for fuel, but would not be H es^ 
to work on cold days. 

The cost of Buch ei boiler set iu tLe United States would not be far 
from $1,300, including everything ready to une, but not counting any ont- 
lay for buildings to put it in. The coat of tlie pipe iu plnoe to otake 4,4r,0 
square feot of surface tor l-lnuli or 2-inch pipe would be about 40 cents per 
aquHre foot, or |1,856. Total cost, »l,(il5Q + $1,300 = |3.156, and luolnding 
uontingenciea, say $3,200 at u francs per dollar, 16,000 francs, of wliicli the 
boiler cost S..'>00 and the pipes 9,100 francs. 

Suppose the steam had been at 212° F. or 100^ 0., 212°— 59° = ISSf P., 
in place of 2:18^' tor T" ~ T, but the transmissiou is now reduced, und the 
surface must now be iucroased 1.5.1 tiiuea to 7,192 square feet, say 7,3(H) or 
to a coat of 1.1.9-'>0 traucai total, aay 31.000 francs. The steam tempertttore 
is now at the lowest poasible in a n on -condensing steam engine: and il 
audi an engine, using 2,800 pounds of ateom per hour, be at hand, the only 
outlay involved is the pipe aurfaoe of 14,0<ii) francs, say; but with the 
more active clrcnlutiou of the steam there will be found an increase in tfao 
radiating effect, which, however, we will not consider here. 

We have then a decrease In the cost of the plant of 400 dollars, or 2,000 
b^ncs, which la equivalent to say 40 dollars or 200 franca per year interest 
and repairs, and we should, of course, recommend the nse of exhaust steatn. 

There remains to be considered the use of ncondeusing engine, with the 
eihanst steam at say 100^ F. = SH" C. 

It would be possible, by the uee of a very large amount of pipe surface 
anda very carefully arrsnged drainage, to retnrn to the air pump; but the 
great coat ol pipe surtuce and the practical troubles of making pipe Joints 
hold in vacuum would cause us to reject this idea as impracticable, and there 
remains the use of a separate boiler, or the running of our condensing 
engine as a non. condensing engine during the winter months. 

For ordinary condensing eni^nes the increase of fuel would be in pro- 
portion to the increase of work on the forward stroke, rendered neoeesary 
by the Increase of back pressure, and in such cases it would be desirable 
to use a separate boiler, as the fuel used would be great; tor example, the 
engine using 400 I. H. P., with 4 pounds of coal per H. P. per hour, or 1 ,G00 
pouudN ol coal per hour. The increase of fuel may be measured bj the 
increase of forward work, which, of conrse. depends upon the engine used; 
but it the forwiird mean pressure had been 30 pounds and the mean back 
pressure 3 pounds per square inch when running condensing, the forward 
pressure will now be raised to 4.') pounds, and the back pressure tu 16 
pounds, the fuel from 1,000 to 2,392 pounds, or say TOO pounds per hour 
). between three and four francs per honr, say 40 franos per day for 
n work in heating, but this must be kept up for 100 dsys, or a 
cost per year of 4,000 francs. 
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When we compare this with our separate boiler we have an excess of 
2,000 francs to begin with, but also the cost of the fuel in addition, which 
cannot be taken less than 1,800 per year, as estimated below, making 
together, say 2,000 francs, and we should in this case use the separate boiler 
and engine. 

When, however, we have the mill in good order, and have the best 
engine in use, that of M. Him, using superheated steam, we find that 
the power is not over 250 horse-power and the fuel 2 pounds per hour 
per I. H. P., or 500 pounds per hour in place of l,(iOO, the increase 
500^?, — 500 = 217 pounds, which costs about one franc per hour, or say 
$200 to $230, or 1,000 to 1,200 francs per year, on the above basis of 100 
days of 12 hours. 

The cost of the fuel alone for the separate boiler on the basis given 
above of a maximum of 500 pounds, and say an average of 300 pounds of 
coal per hour, would be from 30 to 40 cents, or \\ to 2 francs, say for the 
100 days of 12 hours; $3()0, or 1,800 francs, as estimated above, which, with 
the cost of the boiler, would leave us $160, or 800 francs per year in favor 
of this plan. 

We find then that with non-condensing engines and the best class of 
condensing engines, the use of exhaust steam is desirable, while with ordi- 
nary condensing engines a separate boiler is to be preferred. 

The pipe surface for 7,200 square feet can be arranged to take the 
exhaust steam from the engine through an 8-inch or the 10-inch exhaust 
pipe to the top of the building, and to open into 2-inoh pipes on each floor, 
in two directions, uniting in a descending 10-inch pipe carried to a hot 
water tank, and the exhaust to be either circulated or turned loose into the 
air without going through the building. 

Seventy, two hundred feet would require 14,400 feet of two-inch pipe 
and as we can easily place 300 feet in one line and 600 feet in the two lines, 
we have twenty- four lines, or four lines of 2-inch pipe on each of the two 
main walls. The end walls and vertical pipes will make up the amount. 
Twenty- four lines of 2 -inch pipe will present the same resistance that one 
line of 10-inch, and we need fear no great increase of back pressure above 
that assumed. (Two-inch pipe is 0.05 m. diameter.) The wall pipes should 
fall uniformly 1 in 200. Each line of pipe should have its own valve con- 
nectioDs, and when most of them are closed the steam allowed to flow 
directly into the air, as well as through the building, to avoid back pres- 
sure. One and one-quarter inch pipe is usually preferred to larger sizes, as 
being easier to bend without fracture. 

In the above recommendation of the use of exhaust steam by discard- 
ing the condenser of an engine, it is, of course, supposed that both boilers 
and engine can do the required work under the new conditions with entire 
safety and satisfactorily. This can only be ascertained in the particular 
instance by a careful and complete examination of the conditions under 
which the engines are now working, and the change should not be made 
until the result is clearly foreseen, for the example supposed the best state of 
things, and for all but the best kind of condensing engines and mills in the 
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best order, we shall not find it advantageoiis to make so novel a departure, 
and shall use the separate engine and boiler. 

To get the pipe surface three lines of 2 inch pipe in each floor may 
then be employed. 

In the United States the cost of a given surface of pipe is about the 
same for 1-inch and 2-inch pipe, the labor making up the cost to the same 
amount. With the larger sizes the cost increases, but for the use of exhaust 
steam the larger pipe is to be preferred, unless more than one line be used 
at once in the example above. 



[Note. — The conclusions of the above paper have been borne out by the 
experience of the winters 1880-81 and 1881-82.— G. A. Smith.] 
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